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CHAPTER 

INTRODUCTION TO STABILITY 
FLIGHT TEST TECHNIQUES 

•  1.1 ATTITUDE    PLYING 

In stability flight testing, 
attitude flying is absolutely 
essential.  Under a given set of 
conditions (altitude, power setting, 
center of gravity location, etc.) 
the aircraft's speed is entirely 
dependent upon the attitude.  This 
being the case, the pilot's ability 
to fly the aircraft accurately de- 
pends upon his ability to see and 
interpret small attitude changes. 
This can best be done by reference 
to the outside horizon.  Any change 
in aircraft attitude will be noticed 
by reference to the distant horizon 
long before the aircraft instru- 
ments (airspeed, etc.) show a 
change.  Thus, it is often possible 
to change the attitude of the air- 
craft from a disturbed position 
back to the required position before 
the airspeed has a chance to change. 
The outside horizon is also very 
useful as a rate instrument.  If a 
stabilized point is required, hold 
zero rate of change of pitch; i.e., 
hold aircraft attitude fixed in 
relation to some outside reference 
which calls for one particular 
speed.  If, as in acceleration run, 
the airspeed is continuously in- 
creasing or decreasing, one should 
look for a steady, smooth, and 
extremely slow rate of change of 
the aircraft's attitude. 

It is suggested that the 
method of lining up a particular 
spot on the aircraft with some out- 
side reference can be useful at 
times but is often wasteful of 
time.  A general impression is 
often all that is necessary; i.e., 
it is possible to see that the 
aircraft rate of pitch is zero by 
use of the pilot's peripheral 

! I 

vision while also glancing at the 
airspeed indicator or so a.  other 
cockpit instrument.  As soon as 
the pilot notes a rate of change 
of pitch, he can make proper control 
movements to correct the attitude 
of the aircraft.  The pilot should 
always be aware of the outside 
view even while reading the instru- 
ments. 

In flight tests involving 
turning flight, this overall view 
of the horizon is of utmost impor- 
tance in order to be able to hold 
constant velocity or Mach number. 
If the airspeed is high the nose 
should be raised and then stabilized 
at the new position required, using 
the horizon as a displacement and 
a rate instrument.  If a change of 
aircraft attitude is necessary, 
this change should be made relative 
to the present picture until the 
rate of change of aircraft attitude 
again goes to zero at the new sta- 
bilized condition. 

If it is necessary to stabilize 
on an airspeed several knots from 
the existing airspeed, time can be 
saved by overshooting the required 
pitch attitude and using the rate 
of change of airspeed as an indica- 
tion as to when one should raise or 
lower the *ose to the required posi- 
tion.  A little practice will allow 
the pilot to stabilize on a new 
airspeed with a minimum amount of 
airspeed overshoot in the least time. 

1.1 
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• 1.a TRIM SHOTS 

Prior to each stability flight 
test requiring photopanel or oscil- 
lograph data, a trim shot will be 
taken near the test pressure alti- 
tude (+100 feet).  The trim shot 
will be made using the remote camera 
and oscillograph switch (not the 
stick trigger) so that no control 
forces will be inadvertently fed 
to the system.  The trim shot is 
used primarily to make any necessary 
corrections to the force-measuring 
equipment readings.  For example if 
the stick force gage reads +0.1 with 
no force applied, it is apparent 
that 0.1 must be subtracted from 
all stick force readings for this 
particular test. 

The means of obtaining the 
different force information will 
be covered in detail in class; 
however, it should be kept in mind 
that it is possible to get erroneous 
rudder force information if the foot 
is placed improperly on the rudder 
bar.  The strain gages are located 
on the lower rectangular pad and 
the foot should be placed centrally 
on this pad.  Care should be taken 
not to apply any force to the toe 
pads since force applied here will 
not register on the force-measur- 
ing equipment.  When making force 
measurements using the instrumented 
stick grip, it is very important 
that no extraneous force inputs 
are made by torquing the stick 
grip.  The force measurements should 
be taken by using straight fore and 
aft or left and right force inputs 
on the center of the s*"ick grip. 

The importance of proper trim 
in stability flight testing cannot 
be overemphasized.  Most of the 
tests involve force information 
and therefore it is essential that 
the aircraft be properly trimmed 
at the desired s^eed since one is 
interested in forces necessary to 
fly in conditions differing from 
the trim condition. 

In order to stabilize and trim 
at a particular speed or Mach num- 
ber at a constant altitude, the 
speed should first be established 
by placing the aircraft in the re- 
quired attitude to give this speed. 
While obtaining this approximate 
attitude by reference to the out- 
side horizon, the throttle setting 
should be changed to give zero 
rate of climb at the proper test 
altitude.  Minute changes in atti- 
tude may be necessary in order to 
hold the exact airspeed as the 
power is changed.  Once the proper 
attitude and power setting have 
been established, the force should 
be trimmed to zero while holding 
the required.control position to 
give the required attitude.  Release 
the stick and check for a change in 
pitch attitude.  If the nose starts 
up or down put the nose back at 
the ^"4m position with the stick 
and retrim.  Then repeat the pro- 
cedure.  The lateral and direction- 
al controls (aileron and rudder) 
should be used in the proper manner 
to hold the wings level, maintain 
a constant heading, and keep the 
ball in the center of the turn and 
bank indicator.  The necessary 
forces should be held in order to 
accomplish this and then the forces 
should be relieved by proper trim 
actuation.  As in all flying, the 
pilot who can get the aircraft 
trimmed most accurately and quickly 
is the pilot who can do the most 
things simultaneously.  For example, 
the pilot who can make the required 
attitude correction while adjusting 
the power will become trimmed be- 
fore the pilot who flies strictly 
by the numbers.  The often-used 
method of moving the trim device 
and allowing the aircraft to seek 
a new speed "hands off" is very 
time-consuming and inaccurate. 
Hold the aircraft attitude fixed 
and then relieve the existing con- 
trol forces.  If the aircraft gains 
or loses a little altitude during 
the trimming process the parameters 
of interest in stability testing 
will not have changed significantly. 
Therefore if the altitude is within 

1.2 
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100 feet of the test altitude, the 
pilot should then take his trim 
shot. 

to flight has a very good possi 
bility of working out well. 

•1.3 TIMING 

Proper utilisation of time 
is always of paramount importance 
in conducting a test program.  As 
a consequence, proper preflight 
preparation is absolutely essential. 
The complete test should be well in 
mind niui to takeoff.  The pilot 
should always be thinking ahead 
and planning what he is to do next, 
keeping himself properly positioned 
in respect to the airfield.  A 
flight that is well planned prior 

• 1.4 PRIMARY    OBJECTIVES 

All stability flight tests 
will be flown with the prime objec- 
tive of giving the prospective 
user the most information possible 
about the particular aircraft. 
This will be done by noting the 
aircraft'c degree of compliance 
with the latest specification of 
flying qualities along with any 
other information that the test 
pilot feels essential fcr safe, 
effective use of the machine under 
all conditions. 
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CHAPTER 

• 8.1    INTRODUCTION 

o 

Stall speed is the minimum 
steady speed attainable, or usable, 
in flight.  A sudden loss of lift 
occurring at a speed just below 
that for maximum lift is considered 
the "conventional" stall, although 
it has become increasingly common 
for the minimum speed to be defined 
by some other characteristic, such 
as a high sink rate, an undesirable 
attitude, loss of control about 
any axis, or a deterioration of 
handling qualities. 

For rather obvious safety 
and operational reasons, determina- 
tion of stall characteristics is a 
first-order-of-business item in 
flight testing a new aircraft. 
Stall speeds are also required 
early in the test program for the 
determination of various test speeds, 

Separation, a condition 
wherein the streamlines fail to 
follow the boly contours, produces 
a large disturbed wake behind the 
body and results in a pressure dis- 
tribution greatly different from 
the that of attached flow.  On an 
aircraft, these changes in turn 
produce. 

a. A loss of lift 

b. An increase in drag 

c. Control problems due to: 

1. Control surfaces operating 
in the disturbed wake 

2. Cnanges in the aerody- 
namic pitching moment 
due to a shift in the 
center of pressure and 
an altered downwash angle. 

'   » 

• JE.2    SEPARATION 

DEPARTURE FROM 
LINEARITY DUE TO 
INCREASING 
SEPARATION 

HIGH SPEED REGIME 
MACH EFFECTS ARE IMPORTANT 
VISCOUS EFf EOS MAY BE 
NEGLECTED 

LOW SPEED REGIME 
VISCOUS EFFECTS ARE   MPORTANT 
MACH EFFECTS MAY Bf  IGNORED 

Separation occurs at a point 
where tne boundary layer kinetic 
energy has been reduced to zero, 
therefore the position and amount 
of separation is a function of the 
transport of energy into and out 
of the boundary layer and of dis- 
sipation of energy within the 
boundary layer. 

Some fr.etors which contribute 
to energy t?:ansport are: 

a.  Turbulent (non-laminar) flow: 
Higher energy air from upper 
stream tubes is mixed into 
lower stream tubes.  This 
type flow, characterized by 
a full velocity profile, 
occurs at high values of 
Reynolds number (Re) and in- 
volves microscopic turbulence. 

2.1 
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b. Vortex generators:  These 
devices produce macroscopic 
turbulence to circulate high 
energy air down to lower 
levelsi 

c. Slats and slots:  These de- 
vices inject high energy air 
from the underside of the 
leading edge into the upper 
surface boundary layer. 

d. Boundary Layer Control:  The 
blowing type of boundary 
layer control (BLC) injects 
high energy air into the 
boundary layer; while the 
suction type removes low en- 
ergy air. 

Two examples of energy dis- 
sipation functions are: 

a.  Viscous friction:  Energy 
loss varies with surface 
roughness and distance 
traveled. 

b.  Adverse pressure gradient: 
Boundary layer energy is 
dissipated as the air moves 
against the adverse pressure 
gradient above a cambered 
airfoil section.  The rate 
of energy loss is a function 
of: 

1.  Body contours - such as 
camber, thickness dis- 
tribution, and sharp 
leading edges. 

Angle of attack - In- 
creased angle of attack 
steepens the adverse 
pressure gradient. 

Some typical coefficient of 
lift versus angle of attack (Cj_, 
versus a) curves illustrating these 
effects are shown in figure 2.2. 

Figure 2.2 

HIGH R 

LOW R.   (HIGHER STALL 
SPEED AT ALTITUDE) 

HIGH BLC 

LOW BLC 

BASIC SECTION 
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• 2.3   THREE-DIMENSIONAL 
EFFECTS 

2.3  A three-dimensional wing 
exhibits aerodynamic properties 
considerably different from those 
of the two-dimensional airfoil 
sections of which it is formed. 
These differences are related to 
the planform and the aspect ratio 
of the wing. 

Planform: 

Downwash, a natural conse- 
quence of lift production by a real 
wing of less than infinite span, 
reduces the angle of attack at 
which the individual wing sections 
are operating. 

Figure 2.3 
THE EFFECTIVE ANCLE OF ATTACK 
OF THE AIRFOIL SECTION IS REDUCED 

a -ANCLE OF ATTACK 
Oa =SECTION ANGLS OF ATTACK 
a    ^INDUCED ANGLE OF ATTACK 
( ' «DOWNWASH ANGLE 

Figure 2.4 

RECTANGULAR 

An elliptical wing has a 
constant value of downwash angle 
along its entire span.  Other plan- 
forms, however, have downwash angles 
that vary with position along the 
span.  As a result, the lift co- 
efficient for a particular wing 
section may be more or less than 
that of nearby sections, or that 
of the overall wing.  Airfoil sec- 
tions iii areas of light downwash 
will be operating at high angles 
of attack, and will reach stall 
first.  Stall patterns therefore 
depend on the downwash distribution, 
and vary predictably with planform 
as shown in figure 2.4. 

Sweptback and delta planforms 
suffer from an inherent spanwise 
flow.  This is caused by the out- 
board sections being located to 
the rear, placing low pressure areas 
adjacent to relatively high pres- 
sure areas. 

Figure 2.5 

SECTION Ci_ 

OVERALL CL 

....        .^-RECTANGULAR 

1.0 

MODERATE^            \1 
TAPER                   \ 

SECTION Ci 

SECTION CL 

OVERALL CL 
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' \JAPER y    \ 

\ '/ \| 
V 
\ 

_t 
TIP 

This spanwise flow transports 
low energy air from the wake of the 
forward sections outboard toward 
the tips, inviting early separation. 
Both Lhc sweptback and delta plan- 
forms display tip-first stall pat- 
terns . 

2.3 
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Pointed or low chord wing 
tips are unable to hold the tip 
vortex, which moves further in- 
board with increasing angle of 
attack. 

Figure 2.8 

The extreme tips operate in 
upwash and in the absence of aero- 
dynamic fixes such as twist or 
droop are completely stalled at 
most angles of attack. 

Aspect Ratio: 

Aspect ratio may be con- 
sidered an inverse measure of how 
much of the wing ;'.s operating near 
the tips.  Wings of low aspect 
ratio (much of the wing near the 
tip) require higher angles of attack 
to produce a given lift. 

The curves of figure 2.7 
illustiate several generalities 
important to stall characteristics. 
High aspect ratio wings have rela- 
tively steep lift curve slopes with 
well defined peaks at CL   .  These 
wings have a relatively low angle 
of attack (and hence pitch angle) 
at the stall, and are usually char- 
acterized by a rather sudden stall 
break. 

Low aspect ratio wings dis- 
play the reverse characteristics; 
high angle of attack (high pitch 
angles) at slow speeds and poorly 
defined stalls. They can frequently 
be flown in a high sink rate con- 
dition to the right of PL^.. where 
drag increases rapidly.   c sax 

Aerodynamic Pitching Moment: 

On almost all planforms the 
center of pressure moves forward 
as the stall pattern develops, pro- 
ducing a noseup pitching moment 
about the aircraft center of gravity 
(eg) . 

This moment is not great on 
most straight wi'i planforms and 
the characteris    oot stall of 
these wings adds a compensating 
nosedown moment such that a natural 
pitchdown tendency exists at high 
angles of attack.  This occurs be- 
cause the stalled center section 
produces much less downwash in the 
vicinity of the horizontal tail, 
decreasing its download.  If the 
tail actually enters the turbulent 
wake the nosedown moment may be 
further intensified due to a de- 
crease in elevator effectiveness. 
This latter case usually provides 
a natural stall warning in the 
form of airframe and control buffet. 

On swept-wir.g and delta plan- 
forms the moment produced by the 
center of pressure (c.p.) shift is 
usually more pronounced and the 
moment contributed by the change 
in downwash at the tail in this 
case is noseup.  This occurs because 
the wing root section remains un- 
stalled, producing greater lift 
and greater downwash as the angle 
of attack increases.  The inboard 
movement of the tip vortex system 
also increases the downwash behind 
the center of the wing.  Horizontal 
tails even in the vicinity of this 
increased downwash will produce more 
download.  If the tail is mounted 
such that it actually enters the 
downwash area at high angles of 
attack, such as en the F-10.1, an 
uncontrollable pitohup may occur. 
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Many fixes and gimmicks have 
been used to alter lift distribu- 
tion and stall patterns.  Tip lead- 
ing edge extensions, tip slots and 
slats, tip washout and droop, 
fences and root spoilers are but a 
few.  Horizontal tail position is 
also subject to much adjustment 
such as has been necessary on the 
F-4C. 

8.4 LOAD FACTOR 
CONSIDERATIONS 

The relationship between load 
factor (n) and velocity may be seen 
on a V-n diagram. 

Figure 2.8 

LIMIT LOAD FACTOR 

UNACCELERATED 
STALLING 
SPEED 

Every point along the lift boundary 
curve, the position of which is a 
function of gross weight, altitude, 
and aircraft configuration, repre- 
sents a condition of CLmax (neglect- 
ing cases of insufficient elevator 
power).  It is important to note 
that for each configuration, CLmax 
occurs at a particular amax, in- 
dependent of load factor, i.e., 
an aircraft stalls at the same 
angle of attack and CL in accelerated 
flight, with n = 2.0, as it does in 
unaccelerated flight, with n = 1.0. 
The total lift (L) at stall for a 
given gross weight (W) does however 
vary with load factor since L = nW. 
The increased lift at the accelerated 
stall must be obtained by a higher 
dynamic pressure (q). 

qstall 
= l/2p V 

nW 

Thus stall speed is proportional 
to n, making accurate control of 
normal acceleration of primary 
importance during stalj. tests. 

Two flight test methods are 
described below.  The first, involv- 
ing a level flight path, is an 
older method that is valid only for 
unaccelerated stalls.  It has sev- 
eral disadvantages that limit its 
application, but in certain cases 
such as VSTOL testing or initial 
envelope extension it might prove 
useful.  It has been largely re- 
placed by the second method that 
involves a curved flight path and 
is valid for both accelerated and 
unacceleratec1 stalls. 

Figure 2,9 

LEVEL FLIGHT PATH METHOD 

stall CL  S 

L + T sin 9 = W and the flight path 
is straight.  In order to slow the 
aircraft to stall speed, however, 
an acceleration (ao) in the drag 
direction must be obtained by adjust- 
ment of thrust or drag such that D 
is greater than T cos 0.  This rep- 
resents a disadvantage of the method, 
since a particular trim power or 
drag configuration cannot be main- 
tained to the stall. 

Examination of figure 2.10 
shows that the load factor will be 
at the desired value of 1.0 only 
if an is large enough.  The size 
of a[) will be indicated by the rate 
of change of airspeed, termed the 
bleed rate.  Experience has shown 
that undesirable dynamic effects 
are encountered if bleed rates 
much in excess of 1 or 2 knots per 
second are used.  In practice, this 
usually restricts aD to a value 
insufficient to close the accel- 
erp'ion diagram to the desired 
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n  =  1.0,   another  disadvantage  of 
this  method. 

Figure 2.10 
. «CCtLMOMttk »EIGHT 
• CJTIIAMED TO MOVE IN 
I OHECtlOH OHLT 

Lf»EL FLIGHT 
' PATH 

•ESUCTAKT 
»CCELE«ATION |      I 

»- 
PROJECTION OF TMI 
Rf'JLTANT ACCELERATION 
Ii LESS THAN nsl.O 
IF on,IS TOO SMALL 

Figure 2.11 
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Here L + T sin (0 - y) is 
greater than W cos(y) and the air- 
craft is accelerating (ajj toward 
the center of curvature.  If trim 
power was set in level flight, D + 
W sin y  will be greater than T cos 
(e - y) and there will be an addi- 
tional acceleration in the drag 
direction (ap). 

Note that aL is closely aligned 
with the vertical reference and 
that adjustment of the radius of 
curvature may be used to close the 
acceleration diagram to the desired 
value of n.  Thus load factor may 
be easily controlled with the ele- 
vator while maintaining trim power 
and configuration. 

Figure 2.1:! 
^~„s 

THE PITCH 
ANCLE IS 
EXAGGERATED 

w*« 

It is important to realize 
that the proper value of load fac- 
tor may be maintained even with 
large bleed rates (ap) simply by 
changing the radius of curvature 
(ajj , which will of course require 
a different pitch rate.  The steady 
state diagrams above do not illus- 
trate the need for a small bleed 
rate.  They in fact indicate that 
the desired load factor may be 
obtained within a wide range of 
bleed rates.  No rigorous limit for 
bleed r:?.te can be calculated.  In 
order to remove the possibility of 
dynamic effects, however, ma:tiiu"Tis 
of 1 knot/second for unaccelerated 
stalls, and 2 knots/second for 
accelerated stalls have been ar- 
bitrarily set on the basis of ex- 
perience. 

• 2.8    STALL    FLIGHT   TESTING 

General: 

Stalls, a familiar maneuver 
mastered by every pilot when he 
first learned to fly, must not be 
taken for granted in a test program. 
There is a rather large collection 
of examples from flight test history 
to document the need for caution. 
Designs that combine an inherent 
pitchup tendency with miserable 
spin characteristics have contributed 
much to these examples.  Stalls are 
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usually first demonstrated by a con- 
tractor pilot, but it is possible 
for a military test pilot to find 
himself doing the first stalls in 
a particular configuration, espe- 
cially on test bed research programs 
where frequent modifications and 
changes are made after the vehicle 
has been delivered by the contrac- 
tor. 

The cautious approach starts 
with good preplanning.  Discuss 
with the appropriate engineering 
talent the predicted stall char- 
acteristics.  Develop with them 
the most promising recovery tech- 
nique for each stage of the stall, 
to include possible post-stall 
gyrations.  In marginal cases, a 
suggestion for further wind tunnel 
testing or other alternative inves- 
tigations might be warranted.  De- 
termine the most favorable loading 
and configuration to be used in 
the initial stages.  Stall and 
spin practice in trainer aircraft 
will enhance pilot performance dur- 
ing any out-of-control situations 
that might develop. 

If pitchup or other control 
problems seem remotely possible, 
the first runs should terminate 
early in the approach to the stall 
and the data carefully examined (on 
the ground) for trends such as 
lightening or reversal of control, 
excessive attitudes or sink rates. 
Advance this data systematically on 
subsequent flights - avoid the mis- 
take of suddenly deciding in flight, 
because things are going well, to 
take a bigger step than planned. 

A stall test point will in 
general involve three phases; the 
approach, the stall, and the re- 
covery. 

Approach to the Stall: 

As will be described later, 
the aircraft must be flown through 
this phase in a manner to insure 
that the stall occurs at the de- 
sired altitude and load factor. 

Stall warning, if any, will 
occur during this phase.  This 
requires a subjective judgement by 
the pilot - only he can tell when 
he has been warned.  This judgement 
should be extrapolated to the con- 
ditions under which the aircraft 
will be used in service, when dis- 
tractions such as combat maneuver- 
ing may be present.  A warning 
barely discernable during the test 
program would be of little use un- 
der these conditions.  Excessive 
warning is also not desirable; 
MIL-F-8785 specifies definite upper 
and lower airspeed limits within 
which warning should occur.  Con- 
trol shake or airframe buffet is 
desired although artificial warning 
devices such as stick and rudder 
shakers are becoming increasingly 
common. 

The Stall: 

Stall has been defined as 
the minimum steady speed attainable, 
or usable, in flight.  This minimum 
may be set by a variety of factors, 
for example: 

a. Reaching CT,   - the conven- ^   nu_x 
tional stall. 

b. Insufficient longitudinal 
control to further decrease 
speed - lack of elevator 
power. 

c. Onset of control problems. 
(Loss of control about any 
axis.) 

1. Pitchup 

2. Insufficient lateral- 
directional control to 
maintain attitude 

3. Poor dynamic character- 
istics 

d. BacK-side problems. 

1. High sink rate 

2. Insufficient wave-off 
capability 

3. Excessive pitch attitude 
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Aircraft with lift curves 
having sharp peaks may be prone to 
wing drop near the stall if local 
gusts or contro? motion cause a high 
angle of attack to occur on one wing 
before the other.  MIL-F-8785 pre- 
scribes definite limits on pitch 
and bank angle at the stall.  The 
test pilot should describe any 
other undesirable characteristics 
that may be evident. 

The Recovery: 

The recovery is started when 
the stall or minimum steady speed 
has been attained.  For a conven- 
tional stall this is indicated by 
the inability to maintain the de- 
sired load factor - usually a sudden 
break is apparent on the cockpit 
accelerometer. 

The goal of the recovery must 
be specified.  For example, it 
might be to keep the altitude lost 
to a minimum or to obtain the fastest 
acceleration to a maneuver speed. 
In a test program all promising re- 
covery procedures consistent with 
the objectives should be tried.  It 
is important to have the recovery 
specified in detail before each 
stall - do not wait until the stall 
breaks to decide what procedure is 
to be used.  There are no iron-clad 
rules for recovery - a "standard 
procedure" such as fu1.! military 
power could be disastrous in cer- 
tain vehicles.  Keep the instru- 
mentation running throughout the 
recovery unti1 the goal has been 
attained.  In the case of minimum 
altitude loss this would be when 
rate of descent is zero and the 
aircraft is under control (the 
altimeter is the first indication 
of R/C = 0). 

2.6   DEMONSTRATION    MISSION 

The student will fly an Atti- 
tude and Stall Demonstration Mission 
from the rear cockpit of the B-57. 

vJ 
Attitude and Stall Demonstra- 
tion: 

It has been found advantageous 
to devote a portion of the first 
Stability and Control flight to an 
exercise in attitude flying and air- 
craft trim techniques.  The purpose 
of the exercise is to demonstrate 
and practice the proper techniques 
for rapidly getting an aircraft 
on altitude and airspeed in order 
to obtain an accurate trim shot. 

The visual attitude technique 
for stabilized points will be flown 
to a zero/zero airspeed and altitude 
tolerance.  Front side and back 
side trim techniques will be em- 
ployed; the latter receiving more 
stress in its application to Sta- 
bility and Control flight testing. 

The technique for stalls 
will also be demonstrated and 
practiced.  No data will be re- 
corded.  The student should how- 
ever be thoroughly familiar with 
the B-57 instrumentation operation 
by the completion of this flight. 

TABLE 2.1 

DEMONSTRATION FLIGHT DATA 

TRIM POINTS 

ALTITUDE 
(ft) 

AIRSPEED 
(KIAS) 

REMARKS 

20,000 200 IP Demonstration 

24,000 150 Student Practice 
20,000 300 Student Practice 

STALLS 

CRUISE CONFIGURATION 

20,000          [ u-VTRIM3C0.K.IA.S. 
n-1.0 

IP Demonstrates each ;tud< 

n-2.0 

?nt practices each. 

POWER APPROACH CONFIGURATION 

20,000          j VTRIM 140KIAS 

n  1.0 

Student Practice 

n   1.5 
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• S.7    STALL   TEST   TKCHNIQUKS 

As on all missions, the 
student will be expected to keep 
abreast of the overall progress of 
the flight, including such con- 
siderations as airspace boundaries, 
restricted areas, turbulence con- 
ditions, flight time remaining and 
proximity to the base.  Avoid 
getting "tunnel vision" on the 
immediate details of the task to 
the exclusion of all else. 

Trim Point: 

a. Set the configuration 

b. Check for symmetric engine 
power and good lateral- 
directional trim 

c. Record a stabilized trim 
point (+1 knot +100 feet) 

d. Record trim power 

Entry Conditions: 

Decide on an entry airspeed 
and altitude (based on previous 
experience) and do not settle for 
other values.  A smooth well estab- 
lished entry is essential to good 
results. 

Unaccelerated Entries. 

a. Get established straight and 
level on entry airspeed and 
altitude with trim power re- 
set. 

b. Make a slight initial pitch 
rotation to start the bleed 
rate, using the outside visual 
attitude for reference, not 
the airspeed indicator. 

Accelerated Entries. 

a. Establish a roughly level 
turn at the entry airspeed, 
altitude and load factor. 
Reset trim power. 

b. Using the visual attitude and 
the accelerometer as refer- 

ence, substitute an increment 
of pitch for an increment of 
bank angle while maintaining 
the aim load factor.  The 
nose should begin to follow 
a chandellelike helix above 
the horizon.  The angle of 
this helix with the horizon 
determines the bleed rate. 

Approach to the Stall: 

Pitch control is used pri- 
marily in this phase to maintain 
the aim load factor, although some 
adjustment of the bleed rate may 
be made. 

Unaccelerated Stall Approach. 

a. Check the bleed rate and 
correct with pitch if neces- 
sary. 

b. Start the instrumentation at 
some predetermined speed. 

c. Call out the airspeed and 
actuate the event marker at 
stall warning.  Mentally note 
the type and adequacy of the 
warning. 

d. Use pitch control to keep 
n = 1.0.  Do not attempt 
bleed rate corrections after 
stall warning.  Keep wings 
level.  Pitch rotation must 
increase as the stall is 
approached to keep the aim 
load factor, and the accel- 
erometer must be closely 
monitored to catch the stall 
break. 

Accelerated Stall Approach. 

a.  Bleed rate is largely deter- 
mined by the initial helix 
angle  A bank angle increase 
will slow the bleed rate and 
a bank angle decrease will 
speed it up, provided the 
load factor is maintained. 
Concentrate on the aim load 
factor; once it is deviated 

a^M 
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from it is difficult to sal- 
vage a run. 

b. Start the instrumentation at 
a speed well in advance of 
stall warning. 

c. Check the bleed rate again 
only to evaluate the stall. 
Corrections late in the 
approach are useless. 

d. Call out airspeed and actuate 
the event marker at stall 
warning.  Qualitatively eval- 
uate the warning for the type 
and adequacy. 

e. Maintain the load factor 
until the stall breaks. 

The Stall: 

The accelerometer must be 
closely cross checked to catch 
the break.  A good positive pitch 
rotation will make the stall easy 
to identify.  If the stick is re- 
laxed near the stall (a natural 
tendency) a pseudo-break will con- 
fuse the issue.  At the break call 
out the airspeed and altitude. 
Initiate recovery controls and 
configuration change, if any. 
Qualitatively evaluate the aircraft 
stall characteristics. 

The Recovery: 

Keep the instrumentation 
running and follow the predeter- 
mined procedure.  Qualitatively 
evaluate the recovery character- 
istics.  Call out the final re- 
covery altitude. 

a. 

b. 

c. 

Clean-Up Phase. 

Stop the instrumentation. 

Check the general situation 
and start the aircraft toward 
the next point. 

Hand record warning speed, 
stall speed, altitude lost, 
and qualitative comments. 
The verbal call-outs aid in 
retaining the numbers until 
they can be written down. 

d.  Decide if a correction to 
the entry conditions is re- 
quired. 

• 2.8 DATA 
Data to be Recorded: 

A continuous oscillograph 
recording will be taken from before 
stall warning until after recovery 
for each of the stalls on which 
data are collected.  The oscillo- 
graph will also be used to record 
trim points.  The following data 
should be hand recorded for each 
stall: 

a. Indicated speed at stall warn- 
ing 'actuate event marker!. 

b. Indicated stall speed. 

c. Altitude lost during recovery, 

d. Qualitative comments on: 

1. Type and adequacy of 
stall warning. 

2. Stall characteristics 
such as pitch and roll. 

3. Control characteristics 
during the three phases 
of the stall. 

4. Recovery technique and 
effectiveness. 

e. Fuel counter readings. 

f. Oscillograph run number. 

The format of the flight data 
cards is not specified.  However, 
the stall mission is a very busy 
one and it will tax the pilot's 
concentration and agility.  Extra 
time should be spent to devise 
data cards that will aid in keeping 
trc.ck of the details.  A space for 
every type of comment desired 
should be provided beforehand; then 
the pertinent information may be 
rapidly entered during the clean- 
up phase.  Do not crowd the cards. 
Prepare an outline type flight card 
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for the IP with space for remarks 
but not necessarily a duplicate of 
the data cards. 

Figure 2.14 

TYPICAL STALL TIME HISTORY 

Data Presentation: 

A table and a time history 
similar to figures 2.13 and 2.14 
will be presented in the report. 
The time history should be of a 
particularly well flown stall, and/ 
or of one during which some unusual 
characteristic was observed. All 
the parameters for the time history 
may be obtained from the oscillo- 
graph record. 

The report should include a 
discussion of the qualitative find- 
ings and an evaluation of the air- 
craft in comparison to the require- 
ments of MIL-F-8785.  (The School 
flight profile was chosen to demon- 
strate as much as possible in a 
reasonable time - it does not neces- 
sarily fulfill all the requirements 
of paragraph 3.4.1.) 

AIRCRAFT TYPE AND NO. 
CONFIGURATION 
CROSS WEIGHT 
CG. 

NORMAL ACCELERATION 

SIDESLIP 

RATE OF YAW 

3t 

s: 

TIME IN SECONDS 

Figure 2.13 
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2 ©    DETERMINATION    OF    THE 
LIFT    BOUNDARY 

The purpose of this test is 
to determine the limiting normal 
acceleration or g's that can be 
pulled at various speeds and Mach 
numbers.  This may be determined 
by buffet and/or pitchup.  From 
this data it is possible to deter- 
mine the best maneuvering Mach 
number. 

Data Recording: 

The data for this test will 
be hand recorded.  Normally this 
test would be flown at several cen- 
ter of gravity positions.  However, 
at the School, to conserve time, the 
test will be flown while the center 
of gravity is being moved from the 
forward to the aft position. 

Test Techniques: 

Trim the aircraft at 250 
KIAS at 20,000 feet.  Since the 
center of gravity is shifting, it 
will be impossible to maintain trim 
for an extended period of time. 
Furthermore, the data obtained on 
this test is not a function of 
stabilizer position, therefore, 
do not take a trim shot.  Place 
the aircraft in a steady level turn 

and increase power in an attempt 
to hold constant altitude, trim 
velocity and Mach number.  Contin- 
ually increase the load factor 
until initial buffet is reached 
ai'd note the load factor at this 
time.  Continue to increase the 
bank and load factor until moderate 
buffet is reached and again note 
this load factor. 

The same technique will be 
used at airspeeds of 280, 300, 320, 
and 350 KIAS.  At the higher air- 
speeds, when it may be impossible 
to hold constant altitude at full 
power, plan the entry from a higher 
altitude so that the aircraft will 
reach buffet at the required speed 
and altitude.  A tolerance of plus 
or minus 500 feet will be allowed. 

Care should be taken not to 
increase load factor more than one 
half g per second in order to mini- 
mize dynamic effects. 

If any intolerable condition 
of flight is experienced prior to 
initial or heavy buffet the run 
will be discontinued and appropriate 
mention made of this fact. 

Data Reduction Outline: 

The data reduction is as 
follows: 

Parameter 

© Vj 

© ^vic 

© Vic 

© AV "vpc 

© vc 

© Hi 

© AHic 

© Hic 

Source 

Instrument Panel 

Calibration Sheets 

Position error 

Instrument Panel 

Calibration Sheets 

How Obtained 

Data Card 

©+© 

©♦© 

© + © 
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Parameter 

AH pc 

"c 

Mc 

n (Initial buffet) 

n (Moderate buffet) 

Wt 

6 

W/6 

nW/6 (Initial) 

nW/5 (Moderate) 

Source 

Position error 

Calibration Altitude 

Appropriate charts at 10 

Instrument Panel 

Instrument panel 

Gross Weight 

Pressure ratio 

How Obtained 

(*+® 

Appropriate charts 
at (10) 

(14, • (5 

@ x (f 6 

Plot (17 and (L8 versus Ü.1 showing lines of initial buffet and moderate buffet, 

i 
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ABBREVIATIONS USED IN THIS CHAPTER 
Elevator position (degrees) 6e 
Pitching moment coefficient Cm 
Elevator power (degrees-*) Cm(5 
Lift coefficient Cj^ 

Stick force (pounds) Fs 
Dynamic pressure (pounds per square foot) q 

Hinge moment coefficient Ch 

Center of gravity position (pet MAC) eg 

Stick fixed neutral point (pet MAC) hn 
Stick free neutral point (pet MAC) h'n 
Recommended find approach airspeed (knots) v°min ^PA^ 
Flight-path angle (degrees) y 
Rate of descent (ft per min) R/D 
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CMAPTER 

LONGITUDINAL 
STATIC STABILITY 

III 
3.1 INTRODUCTION 

The purpose of this flight 
test is to determine the longitud- 
inal static stability characteris- 
tics of an aircraft.  These char- 
acteristics include gust stability, 
speed stability, flight-path sta- 
bility, and the associated terms 
static margin, neutral point, and 
friction/breakout. 

An aircraft is said to be 
statically stable longitudinally 
(positive gust stability) if the 
moments created when the aircraft 
is disturbed from trimmed flight 
tend to return the aircraft to the 
condition from which it was dis- 
turbed.  Longitudinal stability 
theory shows the flight test re- 
lationships for stick-fixed and 
stick-free gust stability, dCm/dCL, 
to be 

static stability can be made with 

respect to 
d(Fs/q) 

"dCT The neutral 

point is the eg location which gives 
neutral stability, stick-fixed or 
stick-free.  These neutral points 
are determined by flight testing 
at two or more eg locations, extra- 

d« 
polatinq the curves of -v^-  and 
d(P/q)" ^ 
—37^  versus cq to zero. 

The neutral point so deter- 
mined is valid for the trim alti- 
tude and airspeed at which the 
data were taken and may vary con- 
siderably at other trim conditions. 
A typical variation of neutral point 
with subsonic Mach number and alti- 
tude is shown beüow. 

.V 

f 

stick-fixed 

dS_ dC /dCT nv  L 

Figure 3.1 STICK-FIXED NEUTRAL POINT 
versus MACH AND ALTITUDE 

dC Fixed (3.0! 

(Fs/q) 

"der- = - A; 
Ch; dC m 
-mj dCL 

(3.1) 
Free 

u, < 

u 
< 
5 

Stick force (Fs), elevator 
deflection (6e), equivalent veloc- 
ity (Ve) and gross weight (W) are 
the parameters measured to solve 

dAe the above equations.  When g^— is 

zero, an aircraft is defined as 
having neutral stick-fixed longi- 

dA 
tudinal static stability.  As g^— 

increases the stability of the air- 
craft increases.  The same state- 
ments about stick-free longitudinal 

u. 

'LOW ALT 

HIGH ALT 

MACH 

The use of the neutral point theory 
to define gust stability is there- 
fore time consuming and of limited 
practical value except for initially 
predicting aft eg limits.  This is 
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especially true for aircraft that 
have a large airpseed envelope and 
aeroelastic effects. 

Speed stability is the varia- 
tion in control stick forces with 
airspeed changes. Fositive sta- 
bility requires that increased aft 
stick force be required with de- 
creasing airspeed and vice versa. 
It is related to gust stability, 
but may be considerably different 
on aircraft that employ a certain 
combination artificial feel and 
stability augmentation.  Speed 
stability is the longitudinal static 
stability characteristic most ap- 
parent to the pilot and it there- 
fore receives the greatest emphasis. 

Flight-path stability is de- 
fined as the variation in flight- 
path angle when the airspeed is 
changed by use of the elevator 
alone.  Flight-path stability gen- 
erally applies only to the power 
approach flight phase and is basi- 
cally determined by aircraft per- 
formance characteristics.  Positive 
flight-path stability ensures that 
the aircraft will not develop 
large changes in rate of descent 
when corrections are made to the 
flight path with the throttle fixed. 
The exact limits are prescribed in 
MIL-F-8785B(ASG), paragraph 3.2.1.2. 
An aircraft likely to encounter 
difficulty in meeting these limits 
would be one whose power approach 
airspeed was far up on the "back- 
side" of the power required curve. 
A corrective action might be to 
increase the power approach air- 
speed, thereby placing it on a 
flatter portion of the curve or 
installing an automatic throttle 
to improve handling qualities. 

• 3.2 MILITARY SPECIFICATION REQUIRMENTS 

The 1954 version of MIL-F-8785 
established longitudinal stability 
requirements in terms of the neu- 
tral point.  While the neutral 
point criteria is still valid for 

testing certain types of aircraft, 
this criteria was not optimum for 
aircraft operating in flight re- 
gimes where other factors were more 
important in determining longitu- 
dinal stability.  The 1968 version 
of MIL-F-8785 does not even mention 
neutral points, instead, section 
3.2.1 of MIL-F-8785 specifies lon- 
gitudinal stability with respect 
to speed and flight-path.  The re- 
quirements of this section are re- 
laxed in the transonic speed range 
except for tlu se aircraft which are 
designed for prolonged transonic 
operation. 

• 3.3 TEST METHODS 

There are two general test 
methods (stabilized and accelera- 
tion/deceleration) used to deter- 
mine either speed stability or 
neutral points.  There is an addi- 
tional test method used for deter- 
mining flight-path stability which 
is discussed later. 

3.3.1 Stabilized Methods 

This is used for aircraft with 
u  small airspeed range in the cruise 
flight phase and virtually all air- 
craft in the power approach, land- 
ing or takeoff flight phases.  Pro- 
peller type aircraft are normally 
tested by this method because of 
the effects on the elevator power 
changes.  It involves data taken 
at stabilized airspeed at the trim 
throttle setting with the airspeed 
maintained constant by a rate of 
descent or climb.  As long as the 
altitude doesn't vary excessively 
(typically ♦ 1,0*0 feet) this method 
gives good results, but it is time 
consuming. 

The aircraft is trimmed care- 
fully at the desired altitude and 
airspeed and a trim shot is re- 
corded.  Without moving the throttle 
or trim setting, the pilot changes 
aircraft pitch attitude to achieve 
a lower or high airspeed (typically 
+10 knots) and maintains that air- 
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speed.  Since the pilot has usually 
moved the control stick fore and 
aft through the friction band, he 
must determine which side of the 
friction band he is on before re- 
cording the test point data. The 
elevator position for this airspeed 
will not vary, but stick force 
varies relative to the instantane- 
ous position within the friction 
band at the time the data is taken. 
Therefore, the pilot should (assum- 
ing an initial reduction in airspeed 
from the trim condition) relax the 
force until the first indication 
that the nose is beginning to drop 
and then increase force carefully 
until the nose starts to rise. 
This defines the magnitude of the 
friction band.  Since it is gener- 
ally advisable to record data below 
trim airspeed points on the back- 
side of the friction band, the pi- 
lot should relax the stick force 
and then increase stick force to a 
point estimated to be close to, but 
not on, the backside of the fric- 
tion band.  If the backside of the 
friction band is reached, there is 
a good possibility that the eleva- 
tor will move and the point will 
no longer be stable.  Once this 
exercise has been completed, the 
stick is frozen and the data re- 
corded.  The same technique should 
be used for all other airspeed 
points below trim, although the 
examination of the friction band 
may not be required to ensure that 
the stick force is on the backside. 
For airspeed points above the trim 
airspeed, the same technique is 
employed, although now the front 
side of the friction band is pre- 
ferred. 

3.3.2 Acceleration Deceleration Method 

This is commonly used for air- 
craft that have a large airspeed 
envelope.  It is alwasy used for 
transonic testing.  It is less time 
consuming than the stabilized 
method but introduces thrust ef- 
fects.  The U.S. Navy uses the ac- 

celeration/deceleration method but 
maintains the throttle settincr con- 
stant and varies altitude to change 
airspeed.  The Navy method minimizes 
thrust effects but introduces 
another consideration because of 
the change in a1titude. 

The same trim shot is taken 
as in the stabilized method to 
establish the trim conditions. 
MIL-F-8785B(ASG) requires that the 
aircraft exhibit positive speed 
stability only within +50 knots or 
t15 percent of the trim airspeed, 
whichever is less.  This requires 
very little power change to traverse 
this band and maintain level flight 
unless the trim airspeed is near 
the backside of the thrust required 
curve.  Before the 1968 revision to 
MIL-F-8785, the flight test tech- 
nique commonly used to get acceler- 
ation/deceleration data was full 
military power or idle, covering 
the entire airspeed envelope.  Un- 
fortunately this technique cannot 
be used to conclusively determine 
the requirements under the current 
specification with the non-linear- 
ities that usually exist in the 
control system.  Therefore a series 
of trim points must be selected to 
cover the envelope with a typical 
plot (friction and breakout ex- 
cluded) shown in figure 3.2. 

Figure 3.2 SPEED STABILITY DATA 
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The most practical method of 
taking data is to note the power 
setting required for trim and then 
either decrease or increase power 
to overshoot the data band limits 
slightly. Then turn on the instru- 
mentation and reset trim power and 
a slow acceleration or deceleration 
will occur back towards the trim 
point.  A few percent change in the 
trim power setting may be required 
to obtain a reasonable acceleration 
or deceleration without introducing 
gross power effects.  The points 
near the trim airspeed point will 
be difficult to obtain but they are 
not of great importance since they 
will pi^ably be obscured by the 
control system breakout and fric- 
tion (figure 3.3). 

Figure J.3 «CCEIEAATION DECELERATION 0»TA ONE 
TRIM SPEED, et, «LTITUOE 

O DECELERATION 
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Throughout the acceleration 
or deceleration, the primary param- 
eter to control is stick force. 
It is important that the friction 
band not be reversed during the 
test run.  A slight change in alti- 
tude is preferable to a reversal 
of stick force.  It is therefore 
advisable to let the aircraft climb 
slightly throughout an acceleration 
to avoid the tendency to reverse 
the stick force by over-rotating 
the nose.  The opposite is advisable 
during the deceleration. 

There is a relaxation in the 
requirement for speed stability in 

the transonic area unless the air- 
craft is designed for continued 
transonic operation.  The best way 
to define where the transonic range 
occurs is to determine the point 
where the Fs versus V goes unstable. 
In this area, MIL-F-8785B(ASG) 
allows a specified maximum of in- 
stability in the stick force and 
a rate of change of instability. 
The purpose of the transonic lon- 
gitudinal static stability flight 
test in the transonic area is to 
determine the degree of instability. 

The transonic area flight test 
begins with a trim shot at some 
high subsonic airspeed.  The power 
is increased to maximum thrust and 
an acceleration is begun.  (Note 
that this applies also to aircraft 
that are normally termed subsonic, 
such as the T-33 and B-57.)  It is 
important that a stable gradient 
be established before entering the 
transonic area.  Once the first 
sensation of instability is felt 
by the pilot, his primary control 
parameter changes from stick force 
to altitude.  From this point until 
the aircraft is supersonic, the 
true altitude should be held as 
closely as possible.  This is be- 
cause the unstable stick force being 
measured will be in error if a climb 
or descent occurs.  A radar altim- 
eter output on an over-water flight 
is the most precise way to hold 
constant altitude, but if this is 
not feasible the pilot will have 
to use his pitot-static instruments 
and outside references to maintain 
level flight. 

Once the aircraft goes super- 
sonic, the test pilot should again 
concern himself with not reversing 
the friction band and with estab- 
lishing a stable gradient.  The 
acceleration should be continued 
to the limit of the Service Envelope 
to test for supersonic speed sta- 
bility.  The supersonic data will 
also have to be shown at +15 per- 
cent of the trim airspeed, so sev- 
eral trim shots may be required. 
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A deceleration from Vmax 
to sub- 

sonic speed should be made with a 
careful reduction in power to de- 
celerate supersonically and tran- 
sonically.  The criteria for de- 
celerating through the transonic 
region are the same as for the 
acceleration.  Power reductions 
during this deceleration will have 
to be figured carefully to minimize 
thrust effects and still decelerate 
past the Mach drag point to a stable 
subsonic gradient. 

• 3.4 DATA REDUCTION 

Longitudinal stability sta- 
bility flight tests serve the same 
two purposes as all other flight 
tests:  to verify compliance with 
military specifications and gather 
data to determine the aircraft's 
flying qualities.  These two pur- 
poses are equally important, but 
unfortunately require slightly dif- 
ferent approaches and quite differ- 
ent data reduction techniques. 

3.4.1 Speed Stability 

3.4.1.1 subsonic and supersonic 

MIL-F-8785B(ASG) requirements 
for speed stability are relatively 
easy to examine.  The stick force 
versus equivalent airspeed data 
from either test method is rlotted. 
Since all that is required a for 
the gradient to be stable, it may 
save time to plot indicated velocity 
versus stick force; if this is ob- 
viously stable, then conversion to 
equivalent velocity is not neces- 
sary.  It is essential, however, 
to identify the breakout and fric- 
tion forces to separate them from 
the gradient of stick force versus 
velocity.  Example data are shown 
in figure 3.3 for an acceleratioa 
and deceleration on each side of 
the trim airspeed.  The acceleration 
from the trim airspeed to the high 
side of the band and the decelera- 
tion from the trim airspeed to the 
low side would both introduce power 

effects and would not normally be 
required to show compliance.  They 
are shown on this example to illus- 
trate breakout and friction.  Power 
effects are assumed to be negligible, 

As the deceleration from trim air- 
speed is begun, the data points re- 
corded are on the backside of the 
friction band.  Upon reaching point 
1 power is added to begin an ac- 
celeration.  At the instant the 
airspeed starts to increase, the 
pilot senses the need to lower the 
nose.  As he releases back stick 
pressure the stick traverses the 
friction band to point 2.  It is 
not until this point is reached 
that the elevator starts to move 
to lower the nose of the aircraft. 
As the aircraft accelerates the 
pilot continues to release back 
stick pressure staving on the 
front side of the friction band. 
Somewhere between points 3 and 4 
releasina back stick will not lower 
the nose as the point of hands-off 
trim is reached.  The pilot now 
pushes forward on the stick to over- 
come the breakout force again and 
stay on the forward side of the 
friction band.  As power is reduced 
to decelerate, the friction band 
is traversed again from points 5 
to 6.  If the outside curves are 
extrapolated to the trim point, the 
vertical distance between the two 
represents twice the breakout plus 
friction force.  This is the best 
way to determine friction plus 
breakout force since there is no 
way to determine the location in 
the friction band where the control 
stick is at the time the trim shot 
is taken.  This value can be used 
later in maneuvering flight data. 
It must be recognized that the 
friction force is not the same at 
all airspeeds because the mechani- 
cal parts of the longitudinal con- 
trol system (that cause friction) 
are in different orientations as 
stick positions are changed. 

For presentation purposes the 
friction and breakout values are 
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removed from the data.  Data for a 
series of tests at one altitude are 
shown above in figure 3.2. The 
trim speeds were selected by MIL-F- 
8785B(ASG) standards with some 
overlap. 

3.4.1.2 transonic 

Speed stability in the tren- 
sonic regime is generally unstable. 
The task is to see if the degree 
of instability exceeds the allow- 
able limits.  This involves investi- 
gation of the effects of friction 
that is not required in r^bsonic 
and supersonic speed stability if 
the tests are flown properly.  Ob- 
viously, friction must be taken out 
of the measurements of unstable 
gradients since the gradient can 
theoreticaly have an infinite slope 
within the friction band.  The 
value of the friction force must be 
known to determine whether the 
gradient of stick force has changed 
sign or the pilot has merely moved 
within the friction band.  For an 
acceleration, the total instability 
should be made from the forward side 
of the friction band to avoid 
accounting for friction twice. 
An example measurement is shown 
below. 

Figure 3.4 TRANSONIC STABILITY 
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instability occurs at point (a) 
which defines the beginning of the 
transonic regime.  The pilot starts 
to release forward pressure until 
reaching the backside of the fric- 
tion band at point (a1).  He con- 
tinues to release pressure until 
reaching point (b).  Here speed sta- 
bility is again present until 
reaching point (c) when the unstable 
stick forces occur again.  The ex- 
cursions from points (d) to (d') 
are less than the value of the 
friction band and are therefore 
not considered as a change in sta- 
bility.  When the aircraft passes 
out of the transonic regime - in 
this example supersonic speed sta- 
bility occurs at the same point 
(e) - the pilot begins to release 
back pressure until the front side 
of the friction band is reached at 
point (e1).  The unstable gradient 
may be measured between points (a1) 
and (b) or points (c') and (e) with 
the excursions at point (d) excluded, 
The total instability is measured 
from points (a) to (e1). 

3.4.2 Neu'ral Point Determination 

Data from acceleration/decel- 
eration or stabilized methods are 
used to compute the stick-fixed and 
stick-free neutral points.  The 
minimum requirements are two dif- 
ferent eg positions flown at the 
same test point and trim airspeed. 
Table 3.1 contains the data reduc- 
tion outline. 

3.4.2.1 stick fixed 

The following plots are made 
from the data reduction outline: 

Examination of the example 
raw data of Fs versus Mach in fig- 
ure 3.4 shows the effects of fric- 
tion in the transonic data.  Speed 
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FIGURE 3.5 

\ PLOTTED FOR ONE ALTITUDE 
A       AND TRIM AIRSPEED 

Ve 

FIGURE 3.6 

K   ) 

*    i 

If elevator position plots 
linearly with lift coefficient, 
only one stick-fixed neutral point 
exists.  Otherwise, the neutral 
point varies with angle of attack 
(or lift coefficient).  The deriva- 
tive dfe/dVe (at one Ve and eg) 
does not change with weight unless 
the neutral point varies with angle 
of attack.  The derivative de/dCL 
serves better than dKe/dVe as a 

plotting variable in locating neu- 
tral points because nonlinear weight 
effects are included. 

The rate of change of ele- 
vator deflection with respect to 
lift force coefficient is measured 
from the plot of 'e versus CL- 
The slope is taken at three or 
more CL'S over the airspeed range 
for all eg loadings. 
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FIGU1E 3.7 
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STICK-FIXED NEUTRA 

The point where dSe/dCL = °# 
is the stick-fixed neutral point 
for that particular CL-  These 
neutral points for this one altitude 
are plotted versus CL as the curve 
Hi in figure 3.8  Additional al- 
titude data would plot as curves 
H2 and H3. 

Figure 3.8 indicates the 
change in stick-fixed stability as 
the aircraft traverses the speed 
range at three representative al- 
titud s . 

The derivative dFs/dVe is a 
function of aircraft trim as well 
as stability.  This reduces the 
value of an extracted neutral point. 

L POINT When the stick force is divided by 
dynamic pressure, the derivative of 

, .      .•   dFq/a this quantity,   *' ■* , is a function aLL 
of stability only and produces a 
more valid stick-free neutral point. 
(See Vol II, chapter 2, page 2.25.) 

FIGURE 3.10 
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3.4.2.2.2 stick free 

Stick-free neutral points are 
determined from data in the follow- 
ing manner with friction and break- 
out removed. 

From the plot of Fs/q versus 
CL, the rate of change of stick 
force with respect to lift coeffi- 
cient is measured and the slope 
determined at three or more CL's 
over the airspeed range for both 
eg loadings. 
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FIGURE 3.11 

PLOTTED FOR ONE ALTITUDE 
AND ONE AIRSPEED 

1CT 

FWD eg AFT eg 
STICK FREE NEUTRAL. 
POINTS h* 

dFs/q 
The point where —5^— = 0 dCL 

is the stick-free neutral point, 
h n' at that particular C^. The 
neutral point movement with CL for 
one altitude is curve Hi in figure 
3.8.  Additional altitudes would 
plot as H2 and H3. 
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has little utility other than to 
qualitatively specify an instability, 

• 3.5 FLIGHT-PATH STABILITY 

3.5.1 Definition 

As stated earlier in this 
chapter, flight-path stability is 
a criterion applied to power 
approach handling qualities.  It 
is primarily determined by the per- 
formance characteristics of the 
aircraft and related to stability 
and control only because it places 
another requirement on handling 
qualities.  The following is one 
way to look at flight-path stabil- 
ity.  Thrust required curves are 
shown for two aircraft with the 
recommended final approach speed 
marked. 

Figure 3.13 THRUST REQUIRED vs VELOCITY 
(Two Aircraft) 

CL 

Neutral points vary with con- 
figuration, angle of attack, Mach 
number, and static elastic airframe 
distortion for a constant weight. 
No extension attempts should be 
made to locate transonic stick- 
fixed or stick-free neutral points 
because the eg would never be 
shifted to correct for transonic 
speed instability in any case.  Also 
the dynamic stability is highly non- 
linear with Mach number in this re- 
gion and the neutral point joncept 

'FA) 

If both aircraft A and B are lo- 
cated on the glidepath shown below 
their relative flight-path stabil- 
ity can be shown. 
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Figure 3.14 AIRCRAFT ON PRECISION APPROACH 
Ü 

At position 1 the aircraft are 
in stable flight above the glide- 
path, but below the reconmended 
final approach speed.  If aircraft 
A is in this position the pilot can 
nose the aircraft over and descent 
to glidepath while the airspeed 
increases.  Because the thrust re- 
quired curve is flat at this point, 
the rate of descent at this higher 
airspeed is about the same as be- 
fore the correction, so he does not 
need to change throttle setting to 
maintain the glidepath. Aircraft 
B, under the same conditions, will 
have to be flown differently.  If 
the pilot noses the aircraft over, 
the airspeed will increase to the 
recommended airspeed as the glide- 
path is reached.  The rate of de- 
scent at this power setting is 
less than it was before so the pilot 
will go above glidepath if he main- 
tains this airspeed. 

At position 2 the aircraft are 
in stable flight below the glide- 
path but above the recommended air- 
speed.  Aircraft A can be pulled up 
to the glidepath and maintained on 
the glidepath with little or no 
throttle change.  Aircraft B will 
develop a greater rate of descent 
once the airspeed decreases while 

TOUCHDOWN 

coming up to glidepath and will fall 
below the glidepath again.  If the 
aircraft are m position 1 with the 
airspeed higher than recommended 
instead of lower, the same situa- 
tion will develop when correcting 
back to flight-path, but the required 
pilot compensation is increased. 
In ail cases aircraft A has better 
flight-path stability than aircraft 
B.  As mentioned earlier in this 
chapter, aircraft which have unsat- 
isfactory flight-path stability can 
be improved by increasing the recom- 
mended final approach airspeed or 
by adding an automatic throttle. 

Another way of looking at 
flight-path stability is by investi- 
gating the difficulty that a pilot 
has in maintaining glidepath even 
when using the throttles.  This 
problem is seen in la~ge aircraft 
for which the time lag in pitching 
the aircraft to a new pitch attitude 
is quite long.  In these instances, 
incorporation of direct lift allows 
the pilot to correct the glidepath 
without pitching the aircraft.  Di- 
rect lift control will also affect 
the influence of performance on 
flight-path stability. 
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3.5.2 Test Method 

Paragraph 3.2.1.3 of MIL-F- 
8785B(ASG) specifies the slope 
limits at two points in the flight- 
path angle (y) versus true air- 
speed (VT) plot.  This plot is for 
the power approach flight phase at 
the normal glidepath with the throt- 
tle set at V0min (PA).  The steeper 
the glidepath, the more severe the 
tests, so 3 degrees is chosen as 
the steepest approach reasonable 
for a conventional aircraft pre- 
cision approach.  A steeper glide- 
path is appropriate for aircraft 
designed to approach in the STOL 
mcde.  The preflight planning in- 
volves selecting a test altitude so 
that V0min (PA) indicated can be 

converted to V"T and the rate of 
descent (R/D) can be calculated to 
give the 3 degree glidepath.  An 
altitude of approximately 10,000 
feet MSL is usually selected as 
the mean altitude for the test. 
The pilot or engineer must compute 
the possible V0m^n (PA) airspeeds 
for the aircraft gross weights that 
h<= will +"*=*=+■;  He converts these to 
true airspeeds and calculates the 
approximate R/D required to get a 
3 degree glidepath in each case. 

The pilot begins the test by 
configuring the aircraft for the 
power approach configuration at 
v°min (pA^ at about 12'000 feet Mo- 
using a modified back side trim 
technique, the pilot reduces the 
power, maintaining airspeed, until 
the R/D stabilizes at the aim R/D 
+100 feet per minute.  He hand 
records R/D, altitude, and airspeed 
for this point. 

The pilot then raises the nose 
of the aircraft to slow it down 
about 5 knots and lowers the nose 
to an attitude that will hold this 
new airspeed.  It is imperative that 
this airspeed be held within 1/2 
knot so that the R/D will settle 
quickly.  Once the R/D stabilizes, 
the pilot records the R/D, altitude, 
and airspeed again and repeats the 

procedure for another decrease of 
5 knots.  He then noses over to get 
a point at Vomj_n   (PA) +5 knots and 

finally V0min (PA) again. 

At least four points are re- 
quired to define the slope at 
v°min (PA) and v°min (PA) "5 knots• 
These points should be obtained 
quickly to avoid excessive altitude 
loss because changes in altitude 
affect the R/D for a given airspeed 
with the throttle fixed.  Repeating 
the V0min (PA) point at the bottom 

of the band allows a correction 
factor to be applied.  In any case 
the data band should not exceed 
2,000 - 3,000 feet. 

If an aircraft appears to have 
marginal or unsatisfactory flight- 
path stability, the test method 
listed above, using hand recordings 
of standard aircraft instruments, 
will not be sufficiently accurate. 
More sophisticated types of instru- 
mentation must be employed.  Ground- 
based measurements are not practical 
because winds would affect the data 
and it would be difficult to account 
for this effect.  Although untried 
as of this writing, the two most 
promising methods would be to fly 
the test over water and use the dif- 
ferentiated output or a radar al- 
timeter to compute flight-path angle 
or to fly the test anywhere and 
integrate the output of a vertically 
mounted accelerometer. 

3.5.3 Data Reduction 

The first step in data reduc- 
tion is to convert the airspeeds 
from indicated to true airspeed. 
The temperature at the flight level 
can be obtained from meterological 
data.  Before using the R/D and V"T 

to compute the flightpath angle, 
a correction must be applied to 
account for the changes in R/D 
with altitude.  This correction 
assumes a linear variation of R/D 
with altitude.  Apply the following 
relationships for this correction: 
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R/Di 

R/D2 

hl 

h2 

Ah 

= R/D at V0 .  initial °min 

= R/D at V0 . c.      . ' umin final 

= altitude at V0 .  initial 

= altitude at V0 .  final 

hj - hx where x is the altitude at a test point 

AR/DX = 
Ah 

R/D3 corr 

KT=-EJ (R/D1 " R/D2> 

R/Dx + AR/DX 

This was used in the following relationship 

R/D 
Y = flight path angle = sin~l -n corr 

True 

Example Data  Reduction 

Temp 
(deg C) 

CAS 
(kts) 

TAS 
(kts) 

R/D 
(ft/min) 

ALT 
(ft) 

A R/D 
(ft/min) 

R/Dc 
(ft/min) 

TAS 
(ft/min) 

Y 
(deg) 

-5 

-4 

170 

164 

202 1,000 11,000 0 1,000 20,000 2.80 

192 

186 

800 10,300 + 70 870 19,500 2.56 

-3 160 700 9,900 + 110 810 18,900 2.48 

+ 0 

+ 1 

170 199 1,000 8,800 +220 1,220 20,200 3.08 

170 194 750 8,500 - - - - 

Figure 3.15 SAMPLE DATA PLOT FLIGHT PATH STABILITY 
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(REVISED DECEMBER 1872) 

4.1 INTRODUCTION 

This chapter summarizes the preparation for post-stall/spin investi- 
gations which test pilots assigned to such projects must undergo.  The 
discussion is purposely general in nature- it will not specifically 
address the tests flown in the curriculum at the USAF Test Pilot School. 
These flights are described in detail by reference 1. 

At this writing there are drastic philosophical and procedural 
changes being made in stall, post-stall, and spin testing within the 
USAF.  The thrust of these changes is to provide simpler, more effective 
techniques for avoiding out-of-control conditions for all classes of air- 
craft and to force design of better high angle of attack capability into 
new weapons systems.  References 2 and 3 provided some of the impetus for 
these changes and reference 4 has recently been revised to reflect this 
emphasis on spin prevention as opposed to spin recovery.  Reference 5 
has been replaced by reference 6.  Clearly, such a shift in emphasis 
dictates careful attention to planning and execution of flight tests in 
an obviously hazardous area of flight testing. 

4,2 SPIN PROJECT F.LOT'S BACKGROUND REQUIREMENTS 

4 2.1 PHELIMINARY DATA STUDY: 

In previous spin test programs, the contractor was required to demon- 
strate satisfactory spin recoveries prior to the tests conducted by military 
project pilots.  Under the current stall/post stall/spin demonstration 
specification (reference 6, paragraph 3.3) military project pilots will 
participate in high angle of attack investigations concurrently with the 
contractor's pilots.  With this change in philosophy, it is imperative 
that the military test pilot assigned to a high angle of attack investiga- 
tion thoroughly study all available background information. 

Literature research should begin with the best and most current wind 
tunnel data available.  Take careful note of any configuration or mass 
changes which were made since the available wind tunnel data were obtained. 
Look questioningly at the angle of attack and angle of sideslip ranges 
tested in the tunnel.  Go over this data very carefully with the flight 
test engineers and try to ascertain the probable spin modes and optimum 
recovery techniques for each of them, as well as the optimum recovery 
procedure for post-stall gyrations if one is known.  Start looking, even 
at this stage, for the simplest recovery technique possible.  If possible, 
obtain analytical data to confirm or deny the possibility of using a 
common recovery procedure for both post-stall gyrations and spins (ref- 
erence 6, paragraph 3.4.3).  Spin test reports of similar aircraft should 
be reviewed thoroughly, but care must be exercised in extrapolating re- 
sults.  The spin characteristics of aircraft which are quite similar in 
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appearance can vary drastically.  Attempt to predict the effect that 
various loadings and configurations will have on post-stall/spin character- 
istics so that initial tests can be planned conservatively.  As examples, 
the A-l has loadings from which recovery is not acceptable (reference 7, 
page 6); and highly asymmetric loadings in the A-7D may prolong recovery 
to an unacceptable degree.  Flight tests of the A-7D were not performed 
with loadings of greater than 13,000 foot-pounds of asymmetry (reference 
8, page 11) . 

4.2.2 PILOT PROFICIENCY: 

It is imperative that the test pilot engaged in a post-stall/spin 
test program have recent experience in stalls and in spinning aircraft 
as similar as possible to the test aircraft.  Obviously, such aircraft 
should be those cleared for intentional spins.  Coupled departures in a 
mildly spinning aircraft may be helpful in simulating the post-stall 
gyrations of an aircraft not cleared for intentional departures.  Lack 
of spin practice for as little as three months will reduce the powers of 
observation of even the most skilled test pilot.  Therefore, he should 
practice until he is at ease in the post-stall/spin environment imme- 
diately prior to commencing the data program.  Centrifuge rides, with 
simulated instrumentation procedures and required data observations, can 
also be useful. 

4.2.3 CHASE PI LOT/AIRCRAFT REQUIREMENTS: 

A highly qualified chase pilot in an aircraft compatible with the 
test aircraft increases the safety factor and adds another observer. 
The chase pilot should participate fully in the preparation phase.  In 
fact it is preferable that more than one pilot be assigned to a given 
project.  Not only does such an arrangement permit more than one qualita- 
tive opinion, but by alternating between post-stall/spin and chase assign- 
ments, each pilot gets at least two viewpoints.  He can evaluate the 
post-stall/spin characteristics bot  is an in-the-cockpit observer and 
from the somewhat more detached chas<_ position.  Of course, from a flying 
safety viewpoint the benefits a competent chase pilot offer are obvious 
and immeasurable.  In order to be useful, the chase pilot should be in an 
airplane with performance compatible with that of the test aircraft.  His 
responsibilities include:  staying close enough to observe and photograph 
departures, post-stall gyrations, and any spins; staying out of the way 
of an uncontrollable test aircraft; and being immediately in position to 
check any unusual circumstances, such as lost D~ 
spin chutes, or control surface positions.  Ai 
he can call out canopy jettison/ejection r       '-.la- 
bilities point up the importance of a well- ,->■»- -P- 
pilot in a similar aircraft. 

malfunctioning drag/ 
.•urse, if necessary, 

11 these responsi- 
"-'■ servant chase 

4.3 DATA REQUIREMENTS 

It would be presumptuous to suggest that a comprehensive set of re- 
quired data can (or even should) realistically be set down within the 
space limitations in a manual intended as an instructional text for experi- 
mental test pilots.  However, it is essential that a test pilot have at 
least a general idea of what parameters must be recorded.  Hence, the 
following two paragraphs are intended to provide only general guidance. 
Naturally, the test plan for the specific project must be consulted for 
more detailed and specific requirements. 
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.3.1 DATA TO BE COLLECTED: 

The flight test engineer will be highly concerned primarily with the 
required quantitative dat?.  Rates of pitch, roll, and yaw, angular accel- 
erations about each axis, cvntrol surface positions, angle of attack, 
indicated airspeed, and altitude are but a few of the typical time histories 
plott.-d meticulously by engineers.  For the pilot, these data are not the 
main concern? they are available through automatic recording devices. 
His most important data gathering lies in a more qualitative area.  Can 
all the necessary controls and switches be reached easily? What are the 
cockpit indications on production instruments of loss of control warning, 
departure, post-stall gyration, and spins? Can these indications be 
readily interpreted, or is the pilot so disoriented that he could not 
determine what action to take? What visual cues are available at critical 
stages of the recovery? Reference 8 gives an appropriate example of such 
a critical stage in the A-7D recovery sequence: 

On several occasions during recovery from fully 
developed spins, yaw rotation slowed, AOA de- 
creased below 22 units, and roll rotation in- 
creased prior to release of anti-spin controls. 
Pilots found it easy to confuse roll rate for 
yaw rate leading to the "Auger" maneuver defined 
as rolling at unstalled AOA with anti-spin con- 
trols . 

This sort of qualitative finding can be and usually is the most important 
kind of result from a spin test program.  Hence, it is poor practice to 
ask the pilot to neglect cockpit observations to gather quantitative data 
which should be recorded by telemetry or on-board recording devices. 
Prcject pilots must guard against this pilot overload by looking care- 
fully at the available instrumentation, both airborne and ground-based. 

4.3.2 FLIGHT TEST INSTRUMENTATION: 

The scope of the post-stall/spin test program will determine the 
extent of the instrumentation carried on board the aircraft.  A qualita- 
tive program with a limited objective may require virtually no special 
instrumentation (reference 9, page 1); while extensive instrumentation 
may be mandatory for a full-blown stall/post-stall/spin investigation. 
Table I shows typical on-board instrumentation for a complete evaluation. 
Of course, this instrumentation is not appropriate for every investiga- 
tion; each program is a special case. 

The prospective test pilot should particularly note the kinds of 
parameters to be displayed in the cockpit.  In this area he must protect 
his own interests by assuring that the indicators and controls available 
to him are complete, but that they do not overload his capacity to observe 
and to safely recover the aircraft.  Simulations, preferable under stress 
of some kind (in a centrifuge, for example), may help the pilot decide 
whether or not the cockpit displays and controls are adequate. 

Finally, reference 6, paragraph 6.4.2.3, directs preparation of a 
technical briefing film and suggests that an aircrew training film may 
be produced at the option of the procuring activity.  Usually, it is 
advisable to have one or more movie cameras mounted on or in the test 
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Table I 

TYPICAL FLIGHT TEST INSTRUMENTATION 

Parameter              Time History 
2 

Photopanel Pilot 's Panel 

Angle of attack X X 

Production angle of 
attack 

X X X 

Angle of sideslip X 

Swivel boom airspeed X X X 

Swivel boom altitude X X 
(coarse 

X 
altimeter) 

Production airspeed X X 

Production altitude X X 

Bank angle X 

Pitch angle X 

Pitch rate X 

Roll rate X 

Yaw rate X 

Normal acceleration X X 
(sensitive indicator) 

Accelerations at all crew 
stations 

X 

All control surface 
positions 

X 

Stick and rudder positions X 

Stick and rudder forces X 

All trim tab positions X 

SAS input signals X 

Engine(s) oil pressures X X X 

Hydraulic pressures X X X 

Fuel used (each tank) X X X 

Film, oscillograph, or 
tape-correlation and 
amount remaining 

X X X 

Event marker X X X 

Spin turn counter X X X 

Elapsed time X X 

Critical structural loads X X 

Pilot warning signal(s) X 

Emergency recovery device 
indicators 

X X X 

1 Oscillographs, magnetic tape, telemetry. 
> 
"May not be necessary if time histories are complece and reliable. 

Pilot warning signals may include maximum yaw rate indicators, spin 
direction indicators, minimum altitude indicators, and other such 
devices to heip lower the pilot's workload.  They may take the form 
of flashing lights, horns, oversized indicators, etc. 
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L aircraft to provide portions of this photographic coverage.  Motion 
pictures taken over the pilot's shoulder may provide visualization of the 
departure motion, readability of production instruments, information 
about the adequacy of the restraint system, and other similar data.  A 
movie camera taking pictures of the control surface positions can pro- 
duce dramatic evidence of the effectiveness or lack of effectiveness of 
recovery controls.  These cameras and recording devices should be made 
as "crash-proof" or at least as "crash-recoverable" as possible. 

Further information on flight test instrumentation, cockpit displays, 
and cameras may be found in paragraphs 3.2.2, 3.2.3, and 3.2.4 of reference 
6. 

:' I 

4.4 SAFETY PRECAUTIONS 

Stall/post-stall/spin test programs are usually regarded with sus- 
picion by program managers and flying supervisors.  This suspicion is not 
altogether unreasonable since many such investigations have resulted in 
the loss of expensive, highly instrumented test aircraft and crew fatalities. 
This is a fact that awakens the prospective post-stall/spin test pilot's 
sensibilities, and the fact that such testing is hazardous is not questioned, 
However, careful attention to detail in several areas will at least minimize 
the dangers involved. 

4.1.1 CONSERVATIVE APPROACH: 

One of the most important ways to minimize hazards in such a program 
is to incrementally expand the areas of investigation, choosing safe in- 
crements until the aircraft's uncontrolled motions are better understood. 
Such a conservative approach is suggested in paragraph 3.4. of reference 
6, but how can the test pilot help plan to assure that such an approach 
is actually followed? 

First, the entire program is usually broken down into phases.  Even 
the terms now in use - stall/post-stall/spin - suggest the basic phases 
of such an investigation, although in practice the phases are generally 
broken down in more detail.  Table II (from reference 6, page 4) lists 
the recommended phases for such investigations. 

Within these phases there are several smaller 
successive departures, post-stall gyrations, or sp 
aircraft loadings are normally changed gradually f 
store loadings to asymmetric store loadings.  The 
ing changes must be evaluated both for the aerodyn 
changes in mass distribution.  Unfortunately, it i 
effect is most damaging until after the tests are 
also be ill-advised to use full-pro-spin controls 
parture in phases B, C, or D.  Delayed recoveries 
by sustaining the desired misapplication of contro 
each successive departure up to the maximum of 15 
in phase D.  Such conservatism in flying these tes 
must be adhered to scrupulously.  However, it is a 
sider aircraft systems in order to plan a safe pos 

steps to be taken with 
ins.  For example, 
rom clean to symmetric 
effects of these load- 
amic effects and the 
s not often obvious which 
completed.  One would 
on the very first de- 
should be approached 
Is in increments in 
seconds as indicated 
ts is essential and 
lso necessary to con- 
t-stall/spin program. 
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Table II 

TEST PHASES 

Phase Control Application 

Stalls Pitch control applied to achieve the 
specified AOA rate, lateral-directional 
controls neutral or small lateral-direc- 
tional control inputs as normally required 
for the maneuver task. 

Recovery initiated after the pilot has a 
positive indications of: 

(a) a definite g-break or 

(b) a rapid angular divergence, or 

(c) the aft stick stop has been reached 
and AOA is not increasing. 

Stalls with aggravated 
control inputs 

Pitch control applied to achieve the speci- 
fied AOA rate, lateral-directional controls 
as required for the maneuver task. When 
condition (a), (b), or (c) from above has 
been attained, controls briefly misapplied, 
intentionally or in response to unscheduled 
aircraft motions before recovery attempt is 
initiated. 

i    i 

C - Stalls with aggravated 
and sustained control 
inputs 

Pitch control applied to achieve the speci- 
fied AOA rate, lateral-directional controls 
as required for the maneuver task.  When 
condition (a), (b), or (c) has been attained, 
controls are misapplied, intentionally or in 
response to unscheduled aircraft motions, 
and held for 3 seconds before recovery 
attempt is initiated. 

Spin attempts (this 
phase required only for 
training aircraft which 
may be intentionally 
spun and for Class I 
and IV aircraft in 
which sufficient de- 
partures or spins did 
not result in Test 
Phase A, B, or C to 
define characteristics. 

Pitch control applied abruptly, lateral- 
directional controls as required for the 
maneuver task, when condition (a), (b), 
or (c) has been attained, controls applied 
in the most critical positions to attain 
the expected spin modes of the aircraft 
and held up to 15 seconds before recovery 
attempt is initiated, unless the pilot 
definitely recognizes a spin mode. 
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4.4.2 DEGRADED AIRCRAFT SYSTEMS: 

0 

All systems are under an often unknown amount of strain duriny high 
angle of attack maneuvering.  If the aircraft goes out of control in this 
flight regime, system design limits may well be exceeded.  The propulsion/ 
inlet system is often not designed to allow reliable operation of the en- 
gines during extreme angles of attack and sideslip.  Of course, if the 
engine(s) flame out, this failure may result in loss of control in modern 
aircraft with hydraulic flight control systems.  Obviously, the test 
vehicle is a post-stall/spin program must have an alternate source of 
hydraulic power for the flight controls if there is even a hint that en- 
gine flameouts are likely to occur.  However, do not overlook the behavior 
of the production hydraulic system:  loss of production hydraulic pressure 
may be all that is necessary to prohibit intentional spins.  In propeller- 
driven aircraft the hydraulic power used to govern the propeller pitch 
can also be a limiting factor, particularly during inverted spins.  The 
electrical system may also be affected by engine flameout, and such a 
failure can render instrumentation inoperative at a critical time.  In 
fact, even a momentary distruption of electrical power can destroy inval- 
uable data.  Hence, a reliable back-up electrical power source may be 
necessary.  Other systems, such as the ejection system, pilot restraint 
system, or communications/nevigation system, may cause special problems 
during the post-stall/spin test program.  The test pilot and test engineer 
must think through these special problems and where necessary add back-up 
systems to the test aircraft to assure safe completion of the program. 
Furthermore, any back-up systems that are required must not limit the 
range and scope of the tests; otherwise, they defeat their purpose. 

4.4.3 EMERGENCY RECOVERY DEVICE: 

The ultimate back-up system, some sort of emergency recovery device, 
is so important that it deserves a paragraph all its own.  Failure of 
this "last-ditch" system has in the past contributed to the discomfort 
of test pilot, engineer, and SPO director all to often.  Reference 3 
suggests that more attention must be given to the design of this system, 
perhaps to the extreme of making emergency recovery system components 
government-furnished equipment (GFE).  While the feasibility of this 
rather drastic suggestion is questionable, it is imperative that more 
reliable systems be designed.  Some of the things that must be scrutinized 
by the test pilot are: 

'■  1 
1.  Has the deployment/actuation mechanism demonstrated reliability 

through the expected envelope of dynamic pressures? 

2. Are the moments generated large enough for all predicted spin rates? 

3. Has the jettison mechanism demonstrated reliability throughout -.;he 
expected envelope? 

4. Are maintenance inspection procedures adequate for this sytem? 
(This system should be checked just prior to takeoff.) 

5. Does the emergency recovery system grossly alter the aerodynamic 
and/or inertia characteristics of the test aircraft? 

Obviously, no such list is complete, but the test pilot must carefully 
evaluate every component of the emergency recovery system:  spin chute, 
spin rockets, or any other device. 
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4.5 SPECIAL POST-STALL/SPIN TEST FLYING TECHNIQUES 

Stall flight test techniques have been thoroughly discussed in 
Chapter II and in reference 6, consequently, the remainder of this chapter 
is devoted exclusively to flying techniques peculiar to post-stall phenom- 
onea.  In general, the test pilot must have indelibly fixed in mind what 
control actions he will take when the first departure occurs.  An inad- 
vertent departure can give just as meaningful (perhaps more meaningful) 
data as an intentional one - if the test pilot overcomes his surprise 
quickly enough to make preplanned and precise control inputs.  The keys 
to avoiding confusion in the cockpit have already been mentioned, but 
they bear repeating.  The test pilot must be recently proficient in post- 
stall gyrations and in spinning, and he must be so familiar with the 
desired recovery controls that they are second nature.  Apart from over- 
coming the surprise factor through adequate preparation, the test pilot 
may need some other tricks in this highly specialized trade.  For in- 
stance, entry to a desired out-of-control maneuver can be a very hit-and- 
miss proposition. 

4.5.1 ENTRY TECHNIQUES: 

4.5.1.1 Upri^Jit Entries. 

For aircraft susceptible or extremely susceptible to spins, an 
upright spin may be easy to attain.  In this case the test pilot's main 
concern may be how to produce repeatable characteristics: that is, he 'ay 
seek to achieve the same entry g-loading, attitude, airspeed, and alti 
tude in successive spins to  that correlation between spins is easier. 
Of course, if the aircraft is resistant to spins  it may still be sus- 
ceptible to departure and entry into a post-stall gyration.  In this case, 
correlation of the data may be even more difficult since the random 
motions of a PSG seldom are repeatable.  Again, the attempt usually is 
to achieve repeatable entry conditions so that over a large statistical 
sample the characteristics of the PSG become clear.  Achieving several 
departures with repeatable entry conditions is one of the more demanding 
piloting tasks.  Considerable proficiency is required to achieve the AOA 
bleed rates or airspeed bleed rates specified in reference 6, page 5. 
Once the baseline characteristics for a given configuration are relatively 
well known, the test pilot is called on to simulate entries appropriate 
to the operational use of the aircraft. 

4.5 1.2 Tactical Entries. 

These entry maneuvers must be carefully thought cut in light of the 
expected role of the aircraft.  It is often wise to consult directly with 
the using command, particularly if the aircraft has already entered opera- 
tional service.  Of course, reference 6 does suggest the types of tactical 
entries listed in table III, but past experience is no substitute for 
foresight in planning such tests.  By carefully examining the tactics 
envisioned by operational planners, the test pilot should be able to 
recognize other possible tactical entries which may cause difficulty in 
the high angle of attack flight regime. 
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Table  III 

TACTICAL ENTRIES 

1. Normal  inverted stalls   (see paragraph  4.5.1.3). 

2. Aborted maneuvers   in the  vertical plane   (vertical  reversals,   loops, 
or Immelmanns). 

3. High pitcii  attitudes   (above  45  degrees). 

4. Hard turns   and breaks  as  used in air  combat maneuvering. 

5. Overshot roll-ins  as  for ground atcack maneuvering. 

6. High-g supersonic turns  and/or transonic  accelerations/decelerations 

7. Sudden  idle  power and/or speed brake  decelerations. 

8. Sudden asymmetric thrust transients  prior to  stall. 

u 4.5.1.3 Inverted Entries. 

Obtaining entries   into  inverted post-stall  gyrations   -:.* spins  can 
be very  difficult simply because  aircraft often  lack  the  longitudinal 
control  authority to achieve  a stall  at  negative  angles  of  attack.     The 
most straightforward way to depart the aircraft in an inverted attitude 
is  to  roll  inverted and push  forward on the stick  until stall  occurs   at 
the  desired g-loaiing.     But,  many  aircraft have marginal elevator author- 
ity  and it is  necessary  to misapply   the  controls  to obtain an  inverted 
departure.     Pulsing the  rudder or applying other pro-spin controls  as 
the nose drops   can help precipitate  departure.     In the OV-10,   for example, 
the direction of  applied aileron determines  the direction of  the inverted 
spin - provided  full  aileron daflection is  used.     However,   if  aerodynamic 
controls   lack  authority,   the test pilot  can  also use inertial moments  to 
precipitate  inverted departures. 

How  the  inertial  terms   can  aid entry  into  a spin  can best be seen 
by examining the q equation. 

M aero q  =  -2-iH. + pr 

(I. V 

M 
If the negative pitching acceleration generated by —=  was too small 

ly 

to produce a stalled negative angle of attack, and additional negative 

pitching acceleration can be produced from:  pr All that is 
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necessary is  for p and r to have opposite signs.    Typically,  the roll 
momentum is built up by rolling for at  least 180 degrees opposite to the 
desired direction of the inverted spin and then applying full pro-spin 
controls at the inverted position.     Obviously,  these control manipula- 
tions must be made at an angle of attack near the stall.    Sometimes  it 
is even advisable to apply a slight amount of rudder opposite to the 
roll  during ehe roll momentum buildup period.    A typical procedure de- 
signed to produce a left inverted spin is  given below: 

1. Establish  a nose high  pitch  attitude. 

2. Aoply full  right aileron  and a slight amount of left rudder. 

3. After a minimum of  180  degrees  of  roll   (360  degrees  or more may be 
advantageous  in some  aircraft),   apply  full  left rudder,  maintain 
full  right  aileron,   and  full  forward stick   (on some  aircraft  full 
aft stick  may be used). 

4. Recover using predicted or recommended recovery procedures. 

Of course,  this  procedure must be modified to  fit the characteristics 
of a particular aircraft, but it does  illustrate the kind of control 
manipulation sometimes  required in post-stall/spin investigations.     Some 
aircraft will  not enter  an inverted spin using this sort of exaggerated 
technique,  but using the inertial moments  to  augment aerodynamic  controls 
has  uncovered spin modes  not obtained by other means.     Reference 10 pro- 
vides   further information on the subject of inverted spinning. 

4.5.2 RECOVERY TECHNIQUES: 

4.5.2.1 Out-of-control Recoveries. 

The  underlying principle  of  all  recovery  techniques  is  simplicity 
(refer to paragraph   3.4.2 of reference  6).   The procedure  to be  used must 
not  require  the pilot  to  determine  the  nature or direction of the post- 
stall  gyration.     In  fact paragraph  3.4.2.2.2  of reference  4  requires 
recovery  from both post-stall  gyrations   and incipient spins  using only 
the elevator control.     Engine  deceleration effects  must be tested.     Ans- 
part of the  flight control  system   (the SAS,   for example)   which hinders 
desired control  surface  placement  must be identified and carefully 
evaluated.     Care mu?+- be  taken  to ensure  that  the  recovery  controls 
recommended to  recover   from a post-stall  gyration will  net precipitate 
a spin.     The test pxlot is  primarily   responsible  for iden  ifying reliable 
visual  and  cockpit  cues   to  distinguish between post-recovery  angular 
motions   (steep  spirals,   rolling dives)   and the post-stall  gyration. 
Taken  together,   these  requirements  demand that the  test pilot be a care- 
ful observer of the motion.     In  fact,  he is   likely  to become  so adept  at 
making these observations  '.hat he must guard against complacency.     His 
familiarity with  the motions  may  c^use him  to over-estimate  the opera- 
tional  pilot's   ability  to  cope with  the out-of-control motions.     Para- 
graph   3.4.2.2.2  of  reference  4  specifies  that  the start  of  the  recovery 
shall be  apparent  to the pilot within  3 seconds  after initiation of  re- 
covery.     This   requirement  is  very  stringent and will  require  very   fine 
judgement on the part  of  the  test pilot. 
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4.5.2.2 Spin Recoveries. 

The criteria for recovery  from a spin are specified in paragraph 
3.4.2.2.2  of reference  4  and outlined in table  IV.     These  criteria are 
applicable  to  any  spin modes   resulting  from any  control misapplication 
specified in  reference  6.     Timing of  control movements  should not be 
critical to avoiding spin  reversals  or an  adverse mode  change. 

Table V outlines  the so-called NASA Standard and NASA Modified 
recovery procedures.    These  recoveries   are by  no  means  optimum for all 
aircraft  and they  must not be construed to be.     In contrast,   the  F-4E 
recovery  technique  now  includes   forward sti^k,  which  reflects   the 
philosophy of  simplifying out-of-control  recovery procedures.     Generally, 
forward stick  is  desirable  for  recovery  immediately  following  a departure, 
The  reason  for  retaining the  forward stick  is  to keep the out-of-control 
recovery  procedure  like  the spin  recovery  procedure.     However,   individual 
aircraft  characteristics  may  dictate  that  out-of-control  recovery  pro- 
cedures  differ  from spin recovery procedures.     Such  characteristics  vio- 
late  the specifications  of reference  4  and 6,  but the test pilot must 
evaluate  the need  for two recovery procedures.     He  cannot  assume  that 
any  "canned"   recovery procedure will work  nor  that the design meets   the 
specifications.     In summary,   the test pilot's   job  is  to  assure  that  the 
operational pilot has  a simple,   reliable   recovery  procedure which will 
consistently   regain  controlled  flight. 

Table   IV 

RECOVERY   CRITERIA 

Class Flight Phase Turns   for Recovery Altitude Loss  in  Recovery 

I Category  A,   B 1-1/2 1,000   ft 

I PA 1 800   ft 

IV Category  A,   B 2-1/2 5,000   ft 

1 Not  including  dive  pullout. 
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Table V 

RECOVERY   TECHNIQUES 

NASA Standard NASA Modified 

(If ailerons were held during 
spin, neutralize) 

Same 

A.  Full opposite rudder A. Full opposite rudder and at the 
same time ease stick forward to 
neutral. 

ß.  Stick full aft B. Neutralize rudder when rotation 
s tops. 

C.  When rotation stops - 
neutralize rudder 
(immediately) 

D.  EASE stick forward to 
approximately neutral 
position. 
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CHAPTER 

MANEUVERABILITY 

• B.I   INTRODUCTION 

The purpose of maneuvering 
flight is to determine the stick 
force versus load factor gradients 
and the forward and aft center of 
gravity limits for an aircraft in 
accelerated flight conditions. 

To maneuver an aircraft lon- 
gitudinally from its equilibrium 
condition, the pilot must apply a 
force, Fs, on the stick to deflect 
the elevator an increment, A<5e- 
The requirements that must be met 
during longitudinal maneuvering 
are covered in MIL-F-8785, section 
3.2.2. 

• 6.2 MIL-F-878S 

MIL-F-8785 specifies the 
allowable stick/wheel force per 
"g" gradient during maneuvering 
flight.  It also specifies that the 
stick/wheel force gradients be 
approximately linear with pull 
forces on the stick/wheel required 
to maintain or increase normal 
acceleration.  The pilot must also 
have sufficient aircraft response 
without excessive cockpit control 
movement.  These requirements and 
associated requirements of lesser 
importance provide the legitimate 
background for good aircraft hand- 
ling qualities in maneuvering 
flight. 

The backbone of any discussion 
of maneuvering flight is stick/wheel 
force per "g".  The amount of stick/ 
wheel force that the pilot must 
apply to maneuver his aircraft is 

an important parameter.  If the 
force per "g" is very light, a pilot 
could overstress or overcontrol his 
aircraft with very little resistance 
from the aircraft.  The T-38, for 
instance, has a 5 lb/g gradient at 
25,000 feet, Mach 0.9, and 20 per- 
cent MAC eg position.  With this 
condition, a ham-fisted pilot could 
pull 10 g's with only 50~lbs of 
force and bend or destroy the air- 
craft.  The designer could prevent 
this possibility by making the pilot 
exert 100 lb/g to maneuver.  This 
would be highly unsatisfactory for 
a fighter type aircraft, but per- 
haps about right for a cargo type 
aircraft.  The mission and typp 
of aircraft must therefore be con- 
sidered in deciding upon acceptable 
stick/wheel ,"orce per "g".  Further- 
more, the gradient of stick/wheel 
force per "g" at any normal load 
factor must be within 50% of the 
average gradient over the limit load 
factor.  If it took 10 lb/g to 
achieve a 4 g turn, it would be un- 
acceptable for the pilot to ^each 
the limit load factor of 7.33 g's 
with only a little additional force. 

The position of the aircraft's 
eg is a critical factor in stick/ 
wheel force per "g" consideration. 
The fore and aft limits of eg posi- 
tion may therefore be established 
by maneuvering requirements. 

• 8.3   EXAMPLE   TEST   METHODS 

5.3  Generally speaking, there 
are four flight test methods for 
determining maneuvering flight 
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characteristics such as stick force 
gradients, maneuver points, and per- 
missible eg locations.  The names 
given to these different methods 
may vary among test organizations. 
Therefore, care should be exercised 
when discussing a particular test 
method to make certain that everyone 
involved is speaking the same lan- 
guage . 

Stabilized g Method: 

This method requires holding 
a constant airspeed and varying 
the load factor. The aircraft is 
trimmed at the test altitude for 
hands-off flight, and a trim shot 
is taken.  The power setting is 
then noted, and the aircraft is 
climbed to the upper limit of the 
altitude band (+2,000 feet).  The 
power is then reset to trim power 
dnd the aircraft is slowly rolled 
into a 15-degree bank while the 
nose is lowered slowly.  Data is 
recorded when the aircraft has 
been stabilized on an airspeed and 
bank angle with no stick movements. 
The attitude indicator should be 
used to establish the bank angle. 
The bank angle is then increased 
to 30 degrees and data is again 
recorded when the aircraft has 
been stabilized.  Stabilizer' data 
points are also obtained at bank 
angles of 45 and 60 degrees. 

After taking data at the 60- 
degree bank angle, the bank angle 
should be increased so as to obtain 
0.5 g-increments in load factor. 
At each 0.5 g-increment, the air- 
craft is stabilized and data re- 
corded.  The test should be ter- 
minated when heavy buffet or the 
limit load factor is reached. 
Above a load factor of 2.0, only 
slight increases in bank angle are 
needed to obtain 0.5-g increments. 
An idea of the approximate bank 
angle required can be reached by 
exploiting the relationship between 
load factor and bank angle for a 
constant altitude (figure 5.1). 

Figure 5.1 LOAD FACTOR vs BANK ANGLE 
RELATIONSHIP 

W* GROSS WEIGHT 
rl« LOAD FACTOR 
<* - BANK ANGLE 

Little- altitude is lost at 
the lower bank angles up to approxi- 
mately 60 degrees, and thus more 
time may be spent stabilizing the 
aircraft.  At 60 degrees of bank' 
angle and beyond, altitude is being 
lost rapidly; therefore every effort 
should be made to be on speed and 
well stabilized as rapidly as pos- 
sible in order to stay within the 
allowable altitude block (test al- 
titude +2,000 feet).  If the lower 
altitude band is approached before 
reaching limit load factor, the 
aircraft should be climbed to the 
upper limit and the test continued. 
No attempt should be made to ob- 
tain data at exact values of g 
since a good spread is all that is 
necessary. 

Tie method of holding air- 
speed constant within a specified 
altitude band is recommended where 
Mach number is not of great impor- 
tance.  In regions where Mach num- 
ber may be a primary consideration, 
every effort should be made to hold 
Mach number and airspeed constant. 
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If power has only a minor effect 
on the maneuvering stability and 
trim, altitude loss and the result- 
ing Mach number change may be mini- 
mized by adding power as load fac- 
tor is increased.  At times, con- 
stant Mach number is held at the 
sacrifice of varying airspeed and 
altitude.  For constant Mach number 
tests, a sensitive Mach meter is 
required or a programmed airspeed/ 
altitude schedule is flown.  The 
stabilized g method is usually 
used for testing bomber and cargo 
aircraft and fighters in the power 
approach configuration. 

Slowly Varying g Method: 

The aircraft is trimmed as 
before at the desired altitude. 
The power is noted and the aircraft 
is climbed to the upper limit of 
the altitude band (+2,000 feet). 
Power is reset at the trimmed value, 
The data recording switch is acti- 
vated and the aircraft is slowly 
banked into a turn.  With the air- 
speed held constant, load factor 
is slowly increased by increasing 
bank angle and descending.  The 
slow increase of bank angle and 
the resulting load factor increase 
continue until heavy buffet or 
limit load factor is reached.  The 
rate of g onset should be approxi- 
mately 0.1 g per second.  Again 
airspeed is of primary importance 
and should be held to within +1 
knot of aim airspeed.  Care should 
also be taken not to reverse stick 
forces during the maneuver. 

If the airspeed varies 
excessively, or if the lower limit 
of the altitude band is approached, 
the data recorder should be turned 
off.  The aircraft should then be 
restabilized at the upper altitude 
limit at a lower g loading.  The 
maneuver should then be continued 
until heavy buffet onset or limit 
load factor is reached. 

The greatest error made in 
this method is overbanking beyond 
60 degrees of bank.  Overbanking, 
causes the aircraft to traverse the 
g increments too quickly to be able 
to accurately hold airspeed.  Good 
bank control is important to obtain 
the proper g rate of 0.1 g per 
second. 

The slowly varying g method 
is more applicable to fighter air- 
craft.  Often a combination of the 
two methods is used in which the 
stabilized g method is followed 
until a 60-degree bank angle is 
reached.  The slowly varying g 
method is then followed from the 
60-degree bank angle until heavy 
buffet or limit load factor is 
reached. 

Constant g Method (Wind-Up 
Turn): 

The aircraft is stabilized 
and roughly trimmed at the desired 
altitude and at maximum airspeed 
for the test.  The aircraft is 
then placed in a constant g turn. 
Data recording is started and the 
aircraft is climbed or descended 
to obtain a 2 to 5 knot per second 
airspeed bleed rate at the desired 
constant load factor.  Normally 
the aircraft is climbed to obtain 
a bleed rate at lew load factors 
and descended to obtain a bleed 
rate at high load factors.  For 
high thrust-to-weight ratio air- 
craft at low altitudes, the maneuver 
may have to be initiated at reduced 
power to avoid a too rapid traverse 
of the altitude band.  Maintaining 
the aim load factor is the primary 
requirement while establishing the 
bleed rate is secondary.  During 
the maneuver the aircraft should 
be kept within the altitude band 
of +2,000 feet.  The airspeed 
should be noted as the aircraft 
flies out of the altitude band. 
When the aircraft is returned to 
the altitude band, the maneuver is 
started  at an airspeed above the 
just previously noted airspeed so 
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that continuity of g and airspeed 
can be maintained for data purposes. 
Airspeed is again noted at buffet 
onset and the g break (when aim 
load factor can no longer be main- 
tained) .  The buffet and stall 
flight envelope is determined or 
verified by this test method.  The 
maneuver is then repeated at 0.5 
g increments at high altitudes and 
1-g increments at low altitudes. 

Symmetrical Pull-Up Method; 

The aircraft is trimmed at 
the desired test altitude and air- 
speed.  The aircraft is then climbed 
to an altitude above the test alti- 
tude using power as required. 
Trim power is reset and the aircraft 
is pushed over into a dive.  The 
dive angle is a function of the 
load factor to be applied (steeper 
angle for higher g values). 

The aircraft is then maneu- 
vered to reach a point, above the 
test altitude at a lead airspeed 
below the test airspeed, such that 
a "g pull" can be established that 
will place the aircraft at a given 
constant load factor while passing 
through the test altitude at the 
test airspeed.  The lead airspeed 
is determined by the desired load 
factor - higher load factors and 
their resultant steeper dive angles 
require greater leads (lower lead 
airspeeds).  The aircraft should 
pass through level flight (+15 
degrees from horizontal) just as 
the airspeed reaches the trim air- 
speed with aim g loading and steady 
stick forces.  Achieving the trim 
airspeed through level flight, +15 
degrees, and holding steady stick 
forces to give a steady pitch rate 
are of primary importance.  The 
variation in altitude (+1,000 feet) 
at the pull-up is less Important. 
The g loading need not be exact, 
but should be steady.  Data is 
recorded as the aircraft passes 
through level flight +15 degrees. 
The aircraft is then climbed to an 
altitude above the test altitude 

and the maneuver is repeated at 
another load factor at the same 
trim airspeed. 

0.«   DATA    REDUCTION   METHODS 

The maneuvering flight test 
is conducted at high, medium, and 
low altitudes at three different 
airspeeds or Mach numbers through- 
out the flight envelope.  The air- 
craft is flown with a forward and 
an aft eg.  Oscillograph recordings 
give a readout of stick force, ele- 
vator deflection, angle of attack, 
and load factor obtained with the 
constant airspeed, varying g, flight 
test method.  Data will normally be 
recorded by use of the camera in 
both the T-33 and B-57 aircraft. 
The oscillograph will be used in 
the T-38.  A sample data card is 
shown. 
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The first step in data re- 
duction is to plot stick force, Fs, 
against load factor for each test 
point.  A sample plot is shown in 
figure 5.2.  In this figure, the 
breakout force is determined and 
labeled Point A.  Point B is lo- 
cated where the stick force curve 
becomes erratic.  This point (ap- 
proximately 85 percent of the limit 
load factor) may be defined by 
heavy buffet or change of sign of 
stick force gradient.  The line 
connecting points A and B is the 
average gradient.  The local gra- 
dient is the slope at any point 
along the curve. 

FIGURE 5.3 ELEVATOR DEFLECTION v» 

LOAD FACTOR 

FWDcg 

AFT eg 

PLOTTED AT TRIM 
MACH NUMBER AT 
ONE ALTITUDE 

Figure 5.2 DETERMINATION OF AVERAGE 
GRADIENT FOR IRREGULAR CURVE OF 
Fs vsn 

PULL 

LOCAL   GRADIENT LOCAL GRADIENT 
S     =0 

AVERAGE   GRADIENT 

BREAKOUT   FORCE 

3 

n 

The slope,  d6e/dn,   is deter- 
mined  for  several  load  factors  at 
the  two eg positions and  is  plotted 
as  shown  in  figure   5.4. 

FIGURE 5.4   SLOFE OF ELEVATOR DEFLECTION 
PER LOAD  FACTOR vs eg POSITION (WORKING PLOT) 

PLOTTED AT TRIM MACH NUMBER 
AND ONE ALTITUDE 

dn 

hm STICK FIXED MANEUVER 
POINT 

The eg position where the slope 
d6e/dn is zero, is the maneuver 
point location for that load fac- 
tor at the designated trim Mach and 
airspeed.  Nine plots of 6e vs n 
and nine plots of d<5e/dn vs eg 
yield the following summary plot. 

Stick-Fixed Maneuvering Flight: 

Elevator deflections, 6 e». 
are plotted versus load factor, n, 
for each trim airspeed at a par- 
ticular altitude. 

Stick-Free Maneuvering 
Flight: 

Stick force, Fs, is plotted 
versus load factor, n, for each of 
nine t"im Mach numbers (three at 
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FIGURE 5.5 
STICK-FIXED MANEUVER POINT 
VARIATION WITH LOAD FACTOR 

AFT 

FWD 

LOW ALTITUDE - H3 

MED ALTITUDE - Hfe 

HIGH ALTITUDE - H3 

LOAD FACTOR n 

FIGURE 5.6 
ST'CK-FORCE VERSUS LOAD FACTOR 

F, 

PLOTTED AT ONE ALTITUDE 
AND TRIM MACH NUMBER 

AFT 

BUFFET 

in figure 5.6.  The load factor at 
buffet onset should also be indicated. 

It should be noted that the 
above curves do not necessarily 
go through zero stick force at one 
g.  This is because there will 
usually be some breakout force 
required to allow movement of the 
longitudinal control. 

The average s  . ; force gra- 
dient should be founu and the local 
gradient examined to determine 
whether or not the local gradient 
is within 50 percent of the aver- 
age gradient. 

The plot of dFs/dn versus eg 
position is derived from the stick 
force versus load factor curves to 
determine the stick-free maneuver 
points. 

FIGURE 5.7 
SLOPE OF STICK.FORCE PER LOAD FACTOR 
VERSUS eg POSITION (WORKING PLOT) 

x—^—r"\ 
STICK  FREE  »»»NEUVERtMG POINT. h'„ 

The eg location where dFs/dn 
equals zero is the stick-free ma- 
neuver point for that particular 
load factor at the given trim Mach 
and altitude. 

Nine plots for the three al- 
titudes and three trim Mach num- 
bers yield the following summary 
plots of stick free maneuver point 
variation with load factor. 

each of three altitudes).  One plot 
for a single trim Mach, K.T_, at a 
particular altitude, Hi, is shown 

A cross plot of figure 5.8 
can also be made to show how stick- 
free maneuver points vary with Mach 
number. 
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FIGURE 5.8   STICK FREE MANEUVER POINTS 
v» LOAD FACTOR 

AFT 

FWD 

LOW ALTITUDE - H3 

INTERMEDIATE 
ALTITUDE • H2 

HIGH ALTITUDE - H] 

M] 
M2 

M3 

Stick Force Gradients: 

It is not sufficient to say 
that local stick force per "g" 
gradients do not differ from the 
average gradient by more than 50%. 
MIL-F-8785 specifies minimum and 
maximum values of the local gradient 
which must be met.  These gradients 
are specified in absolute numbers, 
x/nL - 1, or in x/n^/a.  Require- 
ments for local gradients specified 
in terms of x/ni, - 1 or in absolute 
numbers can be determined from the 
data used to plot figure 5.2.  To 
satisfy the requirements in terms 
of nz/a, another type of plot is 
required.  First form the ratio of 
n?/a  in lb/radian (where a = a  . . point 
- a

tr:jm) •  From figure 5.2 determine 
the Fs/g gradient at the correspond- 
ing test point.  Finally plot Fs/g 
vs nz/a on a log-log plot as seen 
below to see if it lies within the 
MIL-F-8785 requirements. 

S.S   DEMONSTRATION   MISSION 

A demonstration mission will 
be flown in the T-A3 to demonstrate 
the methods and techniques used to 
determine stick force gradients 
and forwarc and aft center of grav- 
ity limits for an aircraft ia accel- 
erated flight.  No data reduction 
or plots are required.  The pro- 
cedures to be followed are out- 
lined below. 

Procedures: 

1. The student will perform an 
afterburner takeoff and climb 
to 30,000 feet. 

2. He will then stabilize at 
300 KIAS and 30,000 feet. 

3. The instructor will demon- 
strate the stabilized g meth- 
od at 300 KIAS and 30,000 
feet. 

4. The student pilot will then 
perform using the stabilized 
g method under the same 
trim, altitude, and airsp3ed 
conditions. 

5. The instructor will demon- 
strate the slowly varying g 
method at 300 KIAS and 30,000 
feet. 

The student pilot will next 
perform the slowly varying 
g method at 300 KIAS and 
30,000 feet. 

The student will then sta- 
bilize at 350 KIAS and 30,000 
feet. 

The student will perform the 
stabilized g method at 350 
KIAS and 30,000 feet. 

Next, he will perform the 
slowly varying g method at 
350 KIAS and 30,000 feet. 
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10. 

11. 

Then the student will per- 
form the constant g, slowly 
varying airspeed method - 
pulling 3 g's at 20,000 feet. 

Finally, the student will 
perform two pull-up maneu- 
vers:  one of 2 g's at 300 
KIAS and 20.000 feet; and 
the other of 3 g's at 300 
KIAS and 20,000 feet. 

Instrumentation 

None. 

Simulate picture tiking at 
stabilized g points by call- 
ing out "picture." 

Figur, 5.9 STICK FORCE PER "g" vi rz/a 
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ö CHAPTER 

TRIM CHANGES 

The purpose of this test is 
to ascertain the magn; tude of con- 
trol force changes associated with 
normal configuration changes, trim 
system failure, or transfer to al- 
ternate control systems in relation 
to specified limits.  It must also 
be determined that no undesirable 
flight characteristics accompany 
these configuration changes. 

• S.S   TEST   CONDITIONS 

Pitching moments on aircraft 
are normally associated with changes 
in the condition of any of the fol- 
lowing:  landing gear, flaps, speed 

| j      brakes, power, bomb bay doors, 
rocket and missile doors, or any 
jettisonable device.  The magnitude 
of the change in control forces 
resulting from these pitching mo- 
ments is limited by Military Specif- 
ication F-8785, and it is the re- 
sponsibility of the testing organi- 
zation to determine if the actual 
forces are within the specified 
limits. 

The pitching moment resulting 
from a given configuration change 
will normally vary with airspeed, 
altitude, eg loading, and initial 
configuration of the aircraft. 
The control forces resulting from 
the pitching moment will further 
depend on the aircraft parameter 
being held constant during the con- 
figuration change.  These factors 
should be kept in mind when deter- 
mining the conditions under which 
the given configuration change 
should be tested.  Even though the 

specification lists the altitude, 
airspeed, initial conditions, and 
parameter to be held constant for 
most normal configuration changes, 
some variations may be necessary on 
a specific aircraft to provide in- 
formation on the most adverse con- 
ditions encountered in operational 
use of the aircraft.  The altitude 
and airspeed should be selected as 
indicated in the specifications or 
for the most adverse conditions. 
In general, the trim change will 
be greatest at the highest airspeed 
and the lowest altitude.  The 
effect of eg location is not so 
readily apparent and usually has 
a different effect for each con- 
figuration change.  A forward load- 
ing may cause the greatest trim 
change for one configuration change, 
and an aft loading may be most 
severe for another.  For this reason, 
a mid eg loading is normally selected 
since rapid movement of the eg in 
flight will probably not be possible. 
If a specific trim change appears 
critical at this loading, it may be 
necessary to test it at other eg 
loadings to ascertain its accept- 
ability. 

Selection of the initial air- 
craft configurations will be depen- 
dent on the anticipated normal 
operational use of the aircraft. 
The conditions given in the specifi- 
cations will normally be sufficient 
and can always be used as a guide, 
but again variations may be neces- 
sary for specific aircraft.  The 
same holds true for selection of 
the aircraft parameter to hold 
constant during the change.  Tne 
parameter that the pilot would nor- 
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mally want to hold constant in opera- 
tional use of the aircraft is the 
one that should be selected. There- 
fore, if the requirements of MIL-F- 
8785 do not appear logical or com- 
plete, then a more appropriate test 
should be added or substituted. 

In addition to the conditions 
outlined above, it may be necessary 
to test for some configuration 
changes that could logically be 
accomplished simultaneously.  The 
force changes might be additive and 
could conceivably be objectionably 
large.  For example, on a go-around, 
power may be applied and the landing 
gear retracted at the same time. 
If the trim chancres associated with 
each configuration change are 
appreciable and in the same direc- 
tion, the combined changes should 
definitely be investigated. 

The specifications require 
that no objectional buffet or un- 
desirable flight characteristics 
be associated with normal trim 
changes.  Some buffet is normal 
with some configuration changes, 
e.g., gear extension; however, it 
would be considered objectionable 
in this case if this buffet tended 
to masK the buffet associated with 
stall warning.  The judgment of the 
pilot is the best measure of what 
actually constitutes "objectionable" 
but anything that would interfere 
with normal use of the aircraft 
would certainly be considered ob- 
jectionable.  The same is true for 
"undesirable flight characteris- 
tics." An example would be a strong 
nose-down pitching moment associated 
with gear or flap retraction after 
takeoff. 

The specification also sets 
limits on the trim changes result- 
ing from transfer to an alternate 
control system,  ""he limits vary 
with the type of alternate system 
and the configuration and speed at 
the time ot transfer, but in no 
case may a dangerous flight condi- 
tion result.  It will probably be 

necessary for the pilot to study 
the operation of the control sys- 
tems and methods of effecting 
transfer in order to determine the 
conditions most likely to cause 
an unacceptable trim change upon 
transferring from one system to the 
other.  As in all flight testing, 
a thorough knowledge of the air- 
craft and the objectives of the 
test will improve the quality and 
increase the value of the test 
results. 

• e.S    EXAMPLE   TEST   METHODS 

The pre-flight preparation 
for the trim change test should 
start with a study of the applicable 
paragraphs of Military Specifica- 
tion F-8785.  By comparing the 
specification requirements with 
the expected operational use of the 
aircraft, it will be possible to 
determine all the configuration 
changes and the conditions under 
which they should be tested. 

When all the required changes 
have been determined, some time 
should be spent in laying out the 
sequence in which to test the vari- 
ous items •' n order to conserve 
flight time.  Most of the configura- 
tion changes can be planned so that 
at the end of one test, the aircraft 
will be ready for the condition de- 
sired on the next test.  This will 
result in a minimum delay.  Table 
X in the specification can be used 
as an excellent guide in establish- 
ing the most advantageous sequence, 
but this sequence may vary depending 
on the specific aircraft.  In an 
actual test program, much of the 
trim change information would prob- 
ably be obtained during other tests 
as the aircraft was placed in the 
required test conditions.  For 
example, the trim change with gear 
extension might be tested in the 
landing pattern after completion 
of another test. 

After the required configura- 
tion changes and the sequence has 
been determined, a data card or 
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cards should be prepared.  Many 
forms are possible but the card 
should include all the information 
required by the pilot in flight and 
should be clearly legible.  This 
test does not lend itself to the 
standard data card format, there- 
fore a card will have to be made 
up from a blank one.  A suggested 
form follows: 

STUDEN1 

DATE AC 

< 

TRIM CHANGES 

tNSTRUC 

4a                       CAMER 

roR 

ANc_ 

GRND SHOT 

TOTAL FUEL 

TEST 

ZONFICURATION cc 

RUN 

NO 

ALT 

INITIAL  TRIM CONDITIONS 
CONFIG 

CHANGE 

MOLD 

CONS- 

TAN T 

CM. REMARKS 

SPE^O GEARS Ft. A PS POWER 

1 5M 140 UP UP PLF GEAR DNI     AL.1". 

2 5M 140 ON UP PIF 'FLAPS DN    ALT. 

Prior to leaving the line 
a normal ground photo will be taken 
to insure that all force and posi- 
tion measuring equipment is func- 
tioning properly.  Following the 
flight data card, the aircraft 
should be placed in the desired 
condition and trimmed for pilot 

comfort.  Excessive time should not 
be wasted on being exactly trimmed 
since a change in control forces is 
the objective rather than the mag- 
nitude of the total force.  When 
trimmed and stabilized the oscillo- 
graph should be started, (speed 3 
is recommended) and then the de- 
sired configuration change is made. 
Actuating the event marker at the 
same time the configuration change 
is initiated will facilitate inter- 
pretation of the recorded data. 
The desired parameter (attitude, 
altitude, rate-of-climb, etc.) 
should be held constant with force 
alone for approximately 5 seconds 
and then normal trimming action 
employed to relieve the forces. 
It is important to pick out the 
most logical parameter to hold 
constant, and then smoothly hold 
that parameter constant.  The 
control force changes which occur 
are often strongly affected by 
overcontrolling or allowing the 
supposedly constant parameter to 
vary.  Both extremes must be 
avoided.  While trimming, a quali- 
tative evaluation of the adequacy 
of the aircraft trim should be 
made.  If it is too fast or too 
slow or there is insufficient trim 
available to relieve the forces, 
a notation should be made on the 
data card.  It should also be pos- 
sible to trim the control forces to 
zero throughout the operational 
envelope of the aircraft.  While 
there is no specific test for this 
requirement, ^.he pilot should be 
alerted to note non compliance dur- 
ing other tests.  When approximately 
trimmed, the oscillograph should 
be turned "OFF" and the aircraft 
readied for the next test condi- 
tion. 

This same general procedure 
will be repeated until all the 
points listed on the data card 
have been accomplished.  The test 
for transfer to alternate control 
modes will have to be done twice. 
The first one done with the controls 
free and the second test done with 
the pilot maintaining attitude and 
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2ero sideslip throughout. As always, 
fuel, time, and orientation should 
be kept in mind. 

The oscillograph traces 
will be used to determine the 
changes in forces and control de- 
flections associated with each 
configuration change.  If all the 
force changes are within the specif- 
ication limits, all that is neces- 
sary is a table of values similar 
to the example below. However, 
for one configuration change a 

time history will be included. 
This should be for a configuration 
change that exceeded the limits of 
the specification.  If none exceeded 
the specification, then a time 
history of a typical change will 
be made.  The time history will 
include, but not be limited to, 
airspeed, altitude, load factor, 
angle of pitch, angle of bank, 
elevator force, aileron position, 
rudder position, and rudder force 
plotted against time.  The table 
will be as shown below. 

TABULAR SUMMARY OF RESULTS 

RUN 
«IT 

CONFIG 
CHANCE 

HELO 
CONSTANT 

Ft 

U. 
1. 
0- A/S        «A«        FLAPS       PO»E« 

1 SM in OP UP PLP GEAR ON ALTITUDE -7 -1.5 

2 III 165 ON UP PLF FLAPS ON ALTITUDE .1« -1.0 

ETC 

; .   _.>,, '-„->• *. 
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CHAPTER 

-DIRECTIONAL 
FLIGHT TESTS 

I 

«7.1    INTRODUCTION 

7.1 With lateral-directional 
theory as a background, it is pos- 
sible to look at the flight test 
techniques used to investigate the 
actual lateral-directional static 
stability of an aircraft. 

Basically, the lateral- 
directional characteristics of an 
aircraft are determined by two 
different flight tests; the Side- 
slip Test and the Aileron Roll Test. 
The tests do not measure lateral 
and directional characteristics 
independently.  Rather, each test 
yields information concerning both 
the lateral and the directional 
characteristics of the aircraft. 

In this chapter, both the 
Sideslip Test and the Aileron Roll 
Test will be covered.  As each test 
is discussed, the required results, 
as determined by MIL-F-8785 
will also be covered.  Finally, an 
example test missicn in the T-33 
aircraft will be discussed. 

• 7.2    SIDESLIP*    FLIGHT   TEST 
TECHNIQUE 
7.2 The purpose of the sideslip 
test is to investigate the static 
lateral and directional stability 
characteristics of a particular air- 
craft in each of several configura- 
tions.  Since the static lateral 
and directional stabilities are 
functions of Mach number, angle of 
attack, elasticity and configura- 
tion, it is important to check the 
aircraft in various configurations 
at several altitude-airspeed com- 
binations.  In so doing, the sense 
(+) of the lateral and d'rectional 
stabilities and the characteristics 
of the side force can be determined 
throughout the flight envelope. 

All equations relating to the 
static directional stability of an 
aircraft were developed under the 
assumption that the aircraft was in 
a "steady straight sideslip."  This 
is the maneuver used in the Side- 
slip Test.  To develop a ground for 
discussion, it is appropriate to 
discuss the basic mechanics the 
pilot must perform to establish a 
"steady straight sideslip."'  First, 
the aircraft is trimmed at the de- 
sired altitude-airspeed combination. 
The rudder is then depressed and 
an increment of sideslip is de- 
veloped.  In order to maintain 
"straight' or constant heading 
flight, it will then be necessary 
for the pilot to bank the aircraft 
in a direction opposite that of 
the applied rudder.  The aircraft 
is then stabilized in this condi- 
tion.  Thus, the pilot establishes 
a "steady straight sideslip."  To 
understand the forces and moments 
at play in this condition, consider 
figure 7.1.  In this figure the 
aircraft is in a steady sideslip. 
Thus, the moment created by the 
rudder, 75r, must equal the moment 
created by the aerodynamic forces 
acting on the aircraft, r,a.     It 
can be seen, however, that in this 
condition the side forces are un- 
balanced and that this will cause 
an acceleration.  The force, Fyß, 
will always be greater than Fy. . 
Thus, in the case depicted, the 
aircraft will accelerate, or turn, 
to the right.  In order to stop 
this turn, it is necessary to bank 
the aircraft; in this case to the 
left (figure 7.2).  The bank allows 
a component of aircraft weight, 
Wsin0, to act in the y direction 
and thus balance the previourly 
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FIGURF 7.1 STEADY SIDESLIP 

FIGURE 72 STEADY STRAIGHT SIDESLIP 

unbalanced si 
pilot establi 
slip." By ho 
constant with 
varying it so 
uously stabil 
rate effects 
establishes a 

de forces.  Thus, the 
shes a "straight side- 
lding this condition 
respect to time, or 
slowly in a contin- 

ized condition that 
are negligible, he 
"steady straight 

sideslip" - t   condition that was 
used to derivt.    flight test re- 
lationships in static directional 
stability theory. 

By simply establishing a 
steady straight sideslip, the side 
force characteristics of the air- 
craft can be investi^ced.  MIL-F- 
8785, paragraph 3.3.6.2 states 
that "an increase in right bank 
angle must accompany an increase 
in right sideslip," where right 
sideslip is defined by the incident 
airflow approaching from the right 
side of the plane of symmetry. 

One property of basic impor- 
tance in the sideslip test is the 
directional stiffness of an air- 
craft or its static directional 
stability.  To review, the static 
directional stability of an air- 
craft is defined by the initial 
tendency of the aircraft to return 
to or depart from its equilibrium 
angle of sideslip when disturbed 
from the equilibrium condition. 
In order to determine if the air- 
craft possesses static directional 
stability, it is necessary to deter- 
mine how the yawing moments change 
as the sideslip angle is changed. 
Thus, the slope of a line in a plot 
such as figure 7.3 is of interest. 
For positive directional stability 
a plot of Ci?e must have a positive 
slope. 

Figure 7.3 WIND TUNNEL RESULTS OF YAWING MOMENT 
COEFFICIENT v* SIDESLIP ANGLE 
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Plots like those present 

in figure 7.3 would be obtained 
from wind tunnel data.  The air- 
craft model would be placed at 
various angles of sideslip with 
various angles of rudder deflection, 
and th« .mbalanced moments would be 
measured.  However, it is impos- 
sible to determine from flight 
tests the unbalanced moments at 
varying angles of sjdetlip.  It 
was shown in static directional 
theory, however, that the amount 
of rudder daflection required to 
fly in a steady straight sideslip 
is considered to be an indication 
of the amount of yawing moment 
present tending to return the air- 
craft to or remove it from its 
original trimmed angle of sideslip. 
Thus, in order to determine the 
sign of the rudder fixed static 
directional stability, C-q^,   a plot 
is made of rudder deflection re- 
quired versus sideslip angle. 

The apparent stability param- 
eter, 3 6r/3ß, for a directionally 
stable aircraft is shown in figure 
7.4.  For a stable aircraft, this 
plot has a negative slope. 

MIL-F-8785, paragraph 3.3.6.1 re- 
quires that right rudder pedal 
deflection (+6r) accompany left 
sideslips (-6).  Further, for angles 
of sideslip between +15 degrees, a 
plot of 3 6r/3ß should be essentially 
linear.  For larger sideslip angles, 
an increase in ß must require an 
increase in 6r.  In other words, 
the slope of 3 6r/3ß cannot go to 
zero. 

It should be remembered that 
drastic changes occur in the tran- 
sonic and supersonic speed regions. 
In the transonic region where the 
flight controls are most effective, 
a small 6r may give a large ß and 
thus 3 6r/3ß may appear less stable. 
However, as speed increases, con- 
trol surface effectiveness decreases, 
and ?6r/3ß will increase in slopt. 
This apparent change in CT^ is due 
solely to a change in control sur- 
face effectiveness and can give an 
entirely erroneous indication of 
the magnitude of the static direc- 
tional stability if not taken into 
account. 

FIGURE 7.4 RUDDER DEFLECTION vs SIDESLIP 

It is now necessary to inves- 
tigate the control free stability 
of an aircraft.  As discussed in 
the theory of static directional 
stability, a plot of rudder force 
required versus sideslip, 3Fr/3ß, 
is an indication of r.he rudder-free 
static directional stability of an 
aircraft.  It was shown that a plot 
of 3Fr/3ß must have a negative slope 
for positive rudder-free static 
directional stability.  MIL-F-8785 
paragraph 3.3.6.1 requires that 
a plot of 3Fr/3 2 be essentially 
linear between +10 degrees of ß 
from the trim condition.  However, 
at greater angles of sideslip, the 
rudder forces may lighten but may 
never go to zero, or overbalance. 
These requirements are depicted in 
figure 7.5. 
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FIGURE 7.5 CONTROL FREE SIDESLIP DATA 

FIGURE 7.6 CONTROL FIXED SIDESLIP DATA 

The control force informa- 
tion in figure 7.5 is acceptable in 
accordance with MIL-F-8785 as 
long as the algebraic sign of Fr/ß 
is negative.  It can be seen that 
at very large sideslip angles, the 
slope 3Fr/3ß may be positive.  This 
is acceptable a? long as the rudder 
force required does not go to zero. 

Static lateral character- 
istics are also investigated during 
the sideslip test.  It was shown 
in the theory of static lateral 
stability that 3 5a/3ß may be take.i 
as an indication of the control- 
fixed dihedral effect of an air- 
craft, C8.0(Fixed).  For stable 
dihedral effect, it was shown that 
a plot of 3 5a/3ß must have a posi- 
tive slope.  MIL-F-87S5 specifies 
that right aileron control deflec- 
tion shall accompany right sideslips 
and left aileron control shall 
accompany left sideslips.  A plot 
of 3 5a/3ß for stable dihedral effect 
is presented in figure 7.6. 

MIL-F-8785, paragraph 3.3.6.3b, 
limits the amount of stable dihe- 
dral effect an aircraft will exhibit 
by specifying that no more than 75 
percent of full aileron cockpit 
control deflection will be required 
in any of the mandatory sideslip 
tests required by paragraph 3.3.6. 
MIL-F-8785 paragraph 3.3.6.3b limits 
the amount of dihedral effect an 
aircraft may ""ave.  It states that 
no more than .  pounds of aileron 
stick force or 20 pounds of aileron 
wheel force is allowed for side- 
slips which may be experienced in 
operational employment. 

The theoretical discussion 
of control free dihedral effect re- 
vealed that 3Fa/3ß will give an 
indication of Cj,ß/Frepw 

an<3 that 
ior stable dihedral effect 3Fa/3 8 
is positive.  Refer to figure 7.7. 
MIL-F-8785 paragraph 3.3.6.3 states 
that the left aileron force should 
be required for left sideslips and 
that a plot of 3Fa/3 8 should be 
essentially linear for all of the 
mandatory sideslips tested. 
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FIGURE 7.7 CONTROL FREE SIDESLIP DATA 

MIL-F-8785, paragraph 3.3.6.3a 
does permit an aircraft to exhibit 
negative dihedral effect in wave- 
off conditions as long as no more 
than 50 percent of available roll 
control or 10 pounds of aileron con- 
trol force is required in the nega- 
tive dihedral direction. 

A longitudinal trim change 
will most likely occur when the 
aircraft is sideslipped.  MIL-F- 
8785 paragraph 3.2.3.7, places 
definite limits on the allowable 
magnitude of this trim change.  It 
is prefered that an increasing pull 
force accompany an increase in side- 
slip angle and tha_ the magnitude 
and direction of the trim change 
should be similar for both left and 
right sideslips.  The specification 
also limits the magnitude of the 
control force accompanying the lon- 
gitudinal trim change depending on 
the type of controller in the air- 
craft (stick or wheel).  A plot 
of elevator force versus sideslip 
angle that complies with MIL-F- 
8785 is presented in figure 7.8. 

FIGURE 7.8 ELEVATOR FORCE VERSUS SIDESLIP 

ANGLE 

Paragraph 3.3.6 of MIL-F-8785 
outlines the sideslip tests that 
must be performed in an aircraft. 
The specification requires that 
sideslips be tested to full rudder 
pedal deflection, 250 pounds of rud- 
der pedal force, or maximum aileron 
deflection, whichever occurs first. 
Often sideslips must be discontinued 
prior to reaching these limits due 
to controllability or structural 
problems. 

The following is a complete 
list of MIL-F-8785 paragraphs 
that apply to sideslip tests: 

3.2.3.7 

3.3.6 

3.3.6.1 

3.3.6.2 

3.3.6.3, 3.3.6.3a, 3.3.6.3b 

• 7.3    LIMITATIONS 

On student data missions at 
the Aerospace Research Pilot School 
it is not possible to conform to 
all aspects of MIL-F-8785 that 
concern sideslip tests.  Therefore, 
certain general limitations must 
be applied to all student sideslip 
tests. 

1.  In the cruise configuration, 
sideslip tests will be con- 
ducted at three different 
altitudes.  At each altitude, 
three different airspeeds 
will be investigated. 
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2. In the power approach con- 
figuration, sideslip tests 
will be conducted at 10,000 
feet AGL, at the minimum 
speed Tor normal final 
approach. 

3. Sideslip tests will be con- 
ducted within the limitations 
outlined in the appropriate 
aircraft Flight Manual. 

4. Within these limitations, 
the student test program 
will be set up to investi- 
gate all of the requirements 
concerning sideslip tests 
that are outlined in the 
applicable paragraphs of 
MIL-F-8785. 

5. To void excessive data re- 
duction, all results will be 
plotted against V^. 

Sample data plots of sideslip 
test results are presented in fig- 
ures 7.9 and 7.10. 
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FIGURE 7.10 STEADY STRAIGHT SIDESLIP CHARACTERISTICS 
CONTROL DEFLECTIONS AND BANK ANCLE VERSUS 
SIDESLIP 

7.4    AILERON   ROLL 
TEST   TECHNIQUE 

FLIGHT 

FIGURE 7.9 STEADY STRAIGHT SIDESLIP CHARACTERISTICS 
CONTROL FORCES VERSUS SIDESLIP 

Generally, the aileron roll 
flight test technique is used to 
determine the rolling performance 
of an aircraft and the yawing mo- 
ments generated by rolling.  Roll 
coupling is another important air- 
craft characteristic normally in- 
vestigated by using the aileron 
roll flight test technique.  The 
roll coupling aspect of the aileron 
roll test will not be investigated 
at the Aerospace Research Pilot 
School.  However, the theoretical 
aspects of roll coupling will be 
covered in a later course. 

It is necessary to under- 
stand the basic mechanics involved 
in the aileron roll flight test 
technique.  The aircraft is first 
trimmed in the desired configura- 
tion at the desired altitude-air- 
speed combination.  Then, the lateral 
control is abruptly placed to a par- 
ticular control deflection (1/4, 
1/2, 3/4, or full).  Normally, the 
desired control deflection is ob- 
tained by using some mechanical 
restrictor such as a chain stop. 
With the lateral control at the de- 
sired deflection, the aircraft is 
rolled through a specified incre- 
ment of bank.  For control deflec- 
tions less than maximum, the air- 
craft is normally rolled through 
90 degrees of bank.  Because of 
the hiefher roll rates obtained at 
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full control deflection, it is 
usually desirable to roll the air- 
craft through 360 degrees of bank 
when using maximum lateral control 
deflection.  To facilitate aircraft 
control when rolling through a bank 
angle cnange of 90 degrees, start 
the roil irom a 45-degree bank angle. 
During the roll, a mechanical re- 
corder, such as an oscillograph, 
is used to record the following 
information:  aileron position, 
aileron force, bank angle, sideslip 
and roll rate.  Aileron rolls are 
normally conducted in both direc- 
tions to account for roll varia- 
tions due to engine gyroscopic 
effects.  Aileron rolls are per- 
formed with rudders free; with 
rudders fixed; and are coordinated 
with 3 = 0 throughout roll. 

Caution should be exercised 
in testing a fighter type airplane 
in rolling maneuvers.  The stability 
of the airplane in pitch and yaw 
is lower while rolling.  The incre- 
mental angles of attack and side- 
slip that are attained in rolling 
can produce accelerations which 
are disturbing to the pilot and 
can also cause critical structural 
loading.  The stability of an air- 
plane in a rolling maneuver is a 
function of Mach number, roll rate, 
dynamic pressure, angle of attack, 
configuration, and control deflec- 
tions during the maneuver. 

The most important design 
requirement imposed upon ailerons 
or other lateral control devices 
is the ability to provide sufficient 
rolling moment at low speeds to 
counteract the effects of vertical 
asymmetric gusts tending to roll 
the airplane.  This means, in 
effect, that the ailerons must pro- 
vide a minimum specified roll rate, 
and a rolling acceleration such 
that the required rate of roll can 
be obtained within a specified 
time, even under loading condi- 
tions that result in the maximum 
rolling moment- of inertia (e.g., 
fui.1 tip tanks) .  The steady roll 

rate and the minimum time required 
to reach a particular change in 
bank angle are the two parameters 
presently used to indicate rolling 
capability.  Pilot opinion surveys 
reveal that time to roll a specified 
number of degrees provides the best 
overall measure of rolling perfor- 
mance. 

The minimum rolling perfor- 
mance required of an aircraft is 
outlined in MIL-F-8785, table VI. 
This rolling performance is ex- 
pressed as a function of time to 
reach a specified bank angle.  Table 
VI is supplemented further by roll 
performance required of Class IV 
airplanes in various flight phases. 
The specific requirements for Class 
IV airplanes are spelled out in 
MIL-F-8785, paragraphs 3.3.4.1a, lb, 
lc, Id.  Paragraph 3.3.4.2 and 
table VII of MIL-F-8785 specify 
the maximum and minimum aileron 
control forces allowed in meeting 
the roll requirements of table VI 
and the supplemental requirements 
concerning Class IV aircraft.  Para- 
graph 3.3.2.3 specifies the maximum 
rudder force permitted for coordi- 
nating the required rolls. 

In addition to examining time 
required to bank a specified number 
of degrees and aileron forces, Fa, 
it is necessary to examine the 
maximum roll rate, Pmax» to 9et a 

complete picture of the aircraft's 
rolling performance.  Therefore, 
in any investigation of aircraft 
rolling performance, the maximum 
roll rate obtained at maximum 
lateral control displacement is 
normally plotted versus airspeed. 

Paragraph 3.3.4.3 of MIL-F- 
8785 states that there should be 
no objectionable nonlinearities in 
roll response to small aileron con- 
trol deflections or forces.  To 
investigate this area, it is neces- 
sary to observe the roll response 
to aileron deflections less than 
maximum - such as 1/4 and 1/2 aile- 
ron deflections. 
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MIL-F-8785, paragraph 3.3.4.5 
states that it should be possible 
to raise a wing by using the rudder 
pedal alone, and that right rudder 
pedal force should be required for 
right rolls. Further, it states 
that with the aileron cockpit con- 
trol free, it should be possible to 
produce a roll rate of 3 degrees 
per second by use of rudder pedal 
forces of 50 pounds or less.  Turn 
coordination requirements are spelled 
out in MIL-F-8785, paragraph 3.3.2.4 
for steady turning maneuvers. 

The other area of prime in- 
terest in the aileron roll flight 
test is the amount cf sideslip that 
is developed in a roll and the phas- 
ing of this sideslip with respect 
to the roll rate.  Associated with 
this characteristic is the roll rate 
oscillation.  These factors influ- 
ence the pilot's ability to accom- 
plish precise tracking tasks. 

The following is a complete 
list of MIL-F-8785 paragraphs that 
apply to aileron roll tests: 

3.3.2.3 

3.3.2.4 

3.3.4 

3.3.4.1, 
3.3.4.1c, 

i.3.4.1a, 3.3.4.1b, 
3.3.4.1c 

3.4, 

3.4. 

.3.4, 

3.5 

,3.5, 

,3.5, 

3 

4 

5 

1, 
2 

3.3.5.1a 

7.S    SCHOOL 
LIMITATIONS 

TEST 

The following limitations will 
apply to all student data missions 
at the Aerospace Research Pilot 
School: 

1.  In the cruise configuration, 
aileron roll tests will be 

conducted at three different 
altitudes. At each altitude, 
three different airspeeds 
will be investigated. 

In the power approach con- 
figuration, aileron roll 
tests will be conducted at 
final approach speed at 10,000 
feet AGL. 

Aileron roll tests will be 
conducted within the limita- 
tions outlined in the appro- 
priate aircraft Flight Manual. 

Within these limitations, the 
student test program will be 
set up to investigate all 
of the requirements concern- 
ing aileron roll tests that 
are outlined in the applicable 
paragraphs of MIL-F-8785(ASG). 

To avoid excessive data re- 
duction, all results will be 
plotted against Vi.  Sample 
plots of aileron roll data 
are presented in figure 7.11. 

• 7.6    DEMONSTRATION    MISSION 

To unify all that has been 
said concerning the sideslip and 
aileron roll flight test techniques, 
a complete description of an ex- 
ample demonstration mission in the 
T-33 will be presented. 

1. After engine sta 
aileron boost on 
position the ail 
approximately 1/ 
3/4 deflections, 
position on the 
panel with maski 
Prior to leaving 
ground shot will 
ascertain proper 
of the force and 
flector indicato 
shot will consis 

rt, and with 
, visually 
erons to 
4, 1/2 and 
Mark each 

instrument 
ng tape, 
the ramp, a 
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functioning 
control de- 

r.  The ground 
t of a con- 
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FIGURE 7.11 MAXIMUM AILERON ROLL TEST RESULTS 
ONE ALTITUDE 

tinuous recording of all con- 
trol deflections and forces 
from neutral to full positive, 
to full negative, and then 
back to neutral.  This will 
help eliminate confusion in 
reading the film and the 
oscillograph paper.  While 
taxiing, the pilot should 
practice making 1/4, 1/2, 
3/4, and full aileron de- 
flections . 

Climb to 20,000 feet and trim 
the aircraft in the cruise 
configuration at 250 KIAS 
using the back side trim tech- 
nique.  Obtain a photo panel 
shot with the aircraft trimmed 
in this condition. 

If a yaw string is available 
and it is not centered during 
the trim shot, align it with 
the longitudinal axis of the 
aircraft and obtain a photo 
panel shot.  If a sideslip 
indicator is available for 
inflight use, this zero side- 
slip shot can be used to 
calibrate it.  The photo panel 
shot with zero sideslip should 
be examined on the ground to 
ascertain that the zero side- 
slip indication, as obtained 
from the calibration book, is 
correct. 

During the sideslip test, 
altitude will be lost if trim 
power and 2 50 KIAS are main- 
tained.  Therefore, this test 
will be conducted at 20,000 
+1,000 feet.  After the trim 
shot at 20,000 feet has been 
obtained, note trim power 
and climb to 21,000 feet. 

The instructor pilot will 
demonstrate the stabilized 
sideslip flight test tech- 
nique.  Starting from a zero 
sideslip condition, establish 
a steady straight sideslip of 
approximately two degrees 
while holding trim airspeed. 
This may best be done by 
applying a small amount of 
rudder and then coming in 
with just enough bank to hold 
a constant heading.  A point 
on the outside horizon will 
provide the pilot with the 
most accurate means of hold- 
ing a constant heading.  The 
needle of the turn and slip 
indicator may also be an aid 
in holding constant heading, 
zero yawing velocity flight. 
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Constant trim velocity should 
be maintained as the sideslip 
is increased in approximately 
2 degree increments until 
reaching the maximum sideslip 
obtainable (if no other re- 
striction applies), or until 
a dangerous flight condition 
is anticipated. A photopanel 
shot will be taken at each 
stabilized sideslip condition. 
Sideslips in the T-33 will be 
discontinued at rudder buf- 
fet, or at plus or minus 14 
degrees of sideslip in the 
cruise configuration to pre- 
vent inadvertent tumbling and 
possible structural damage. 
The T-33 is restricted from 
full rudder deflection side- 
slips.  If no sideslip gauge 
is available in the cockpit, 
the following guide may be 
used:  At approximately 12 
degrees of sideslip, the 
standard airspeed indicator 
will jump approximately 5 
knots.  The pilot may con- 
tinue the sideslip investiga- 
tion approximately two de- 
grees past this point if no 
other adverse indications are 
noted.  If an airspeed cali- 
bration is available for the 
boom airspeed system at vari- 
ous angles of sideslip, this 
correction should be used 
while attempting to hold a 
constant airspeed.  If such 
a calibration is not avail- 
able, an indication of the 
magnitude of the position 
error due to sideslip can be 
obtained by placing the air- 
craft in a sideslip and rapid- 
ly coming back to zero side- 
slip while noting the magni- 
tude of the airspeed change. 
This correction can be ig- 
nored if this change is only 
one or two knots.  It should 
be immediately apparent 
whether back or forward stick 
is necessary to hold a con- 
stant airspeed as the side- 
slip is increased, and thus 
the correct control movement 

7. 

should be anticipated is the 
sideslip is increased. Through- 
out the test, lead all inputs 
with the rudder. This tech- 
nique, coupled with slow, 
deliberate control inputs, 
will help keep Dutch roll at 
a minimum.  If a Dutch roll 
should develop, stop it with 
the rudder; aileron inputs 
will only reinforce the motion. 
After the maximum sideslip 
point is reached, the aircraft 
should be smoothly returned 
to trim and then similar side- 
slip points should be made in 
the opposite direction.  Smooth- 
ness in this test, as in all 
tests, is imperative in order 
to get good stabilized points 
quickly.  Anticipation of cor- 
rect control movement is a 
great aid in establishing 
good test points quickly.  A 
record should be kept of 
beginning and final photo 
correlation numbers as well 
as a list of any unreliable 
points. 

The pilot will practice the 
stabilized sideslip flight 
test technique.  Maintain 
altitude at 20,000 +1,000 
feet. 

The instructor pilot will 
demonstrate the slowly vary- 
ing sideslip method.  This 
is an alternate method of 
obtaining sideslip informa- 
tion.  Starting from zero 
sideslip, continuously in- 
crease the sideslip angle at 
not more than one degree per 
second while maintaining head- 
ing and velocity.  A contin- 
uous photo record is  taken 
out to the maximum sideslip 
angle.  This method is con- 
siderably more difficult to 
fly properly than the sta- 
bilized sideslip method. 
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The pilot will practice the 
slowly varying sideslip 
method.  Maintain 20,000 
+1,000 feet. 

At the completion of the 
sideslip practice, the pilot 
will return the aircraft to 
21,000 feet and 250 KIAS. 
The instructor pilot will 
demonstrate the aileron roll 
flight' test technique.  Using 
trim power and holding 2 50 
KIAS, roll the aircraft into 
a 45 degree bank.  Stabilize 
the aircraft in this condi- 
tion, holding the rudder 
pedals fixed to hold trim 
sideslip.  The recording 
trigger is depressed prior 
to starting a roll to permit 
some leader on the oscillo- 
graph paper.  The stick is 
rapidly moved to 1/4 aileron 
deflection, and the aircraft 
is rolled to 45 degrees of 
bank in the opposite direc- 
tion.  This control input 
should be a "step input." 
The pilot may avoid stick 
"bobble" by using both hands 
on the stick.  The recording 
trigger is held depressed 
throughout the roll.  The 
airspeed should be held as 
close as possible to the aim 
V"i throughout the roll.  When 
the roll is complete, rapidly 
re-establish a 45-degree bank 
at 250 KIAS.  This will pre- 
vent needless altitude loss 
and airspeed excursion.  This 
procedure is repeated in the 
opposite direction.  When 
the aircraft has been rolled 
in both directions at 1/4 
aileron deflection, repeat 
the procedure at 1/2 aiileron 
deflection.  The full deflec- 
tion aileron roll is started 
from wings level flight at 
250 KIAS.  Apply full aileron 
deflection in the desired di- 
rection of roll.  In order to 
determine exactly how much 
aileron force it reauired to 

hold full aileron deflection, 
it will be necessary to slowly 
relax the control force prior 
to completing 360° of roll. 
Once on the ground, the oscil- 
lograph trace will allow the 
pilot to match a control force 
against the point where the 
aileron deflection first starts 
to decrease.  The full deflec- 
tion aileron roll will be 
repeated in the opposite di- 
rection.  For the sake of 
demonstration, the instructor 
pilot may roll in only one 
direction for each control 
deflection tested.  The in- 
structor will then demonstrate 
a step aileron input that will 
accomplish a 45°-45° roll in 
approximately 6 seconds. 

10.  The pilot will practice the 
aileron roll test vith rud- 
ders fixed.  When complete, 
he will repeat the full de- 
flection roll with rudders 
free.  He will ther. practice 
the step' aileron ir.put needed 
to get a 45°-45° roll in 
approximately 6 seconds. 

11. The pilot will cescend to 
10,000 feet pressure altitude 
in an area that will allow 
at least 5,000 feet terrain 
clearance.  The aircraft 
will be placed in the power 
approach configuration, i.e., 
gear down, full flaps, speed 
brakes up.  Obtain a trim 
shot at 10,000 feet and 120 
knots plus fuel using the 
backside trim technique. 
Obtain a photopanel shot with 
the aircraft trimmed in this 
condition.  Also, obtain a 
photopanel shot in a zero 
sideslip condition. 

12. This test will be conducted 
at 10,000 +1,000 feet.  After 
the 10,000 foot trim shot has 
been obtained, note trim 
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power and climb to 11,000 
feet. 

13. The instructor pilot will 
demonstrate the stabilized 
sideslip flight test tech- 
nique in the power approach 
configuration. Because of 
the low "q", rudder forces 
will be very light and care 
should be exercised to avoid 
overcon'„-oiling.  Sideslips 
in the T-33 will be discon- 
tinued at rudder buffet or 
at plus or minus 10 degrees 
of sideslip in the power 
approach configuration to 
prevent inadvertent tumbling. 
Care should be exercised in 
returning from maximum side- 
slip to the trim condition. 
Climb when necessary in order 
to remain within the allow- 
able altitude band (+1,000 
feet). 

14. The pilot will practice the 
stabilized sideslip flight 
test technique in the power 
approach configuration. 

15. The instructor pilot will 
demonstrate the aileron roll 
flight test technique in the 
power approach configuration. 
During this low "q" condition, 
considerable sideslip will 
develop.  Recover from the 
roll using aileron only. 
Overcontrolling or putting in 
incorrect rudder inputs can 
create a hazardous situation. 
Therefore, 360-degree rolls 
will not be accomplished in 
the power approach configura- 
tion. 

16. The pilot will practice the 
stabilized sideslip flight 
test technique in the rower 
approach configuration with 
the rudders fixed.  When this 
is completed, he will repeat 
the 1/2 aileron deflection 
point with rudders free. 
Recovery will be made with 
rudders free. 

17. Landing will be made from 
a simulated flameout pattern 
set up by the instructor 
pilot. 

i     I 
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CHAPTER 

ENGINE-OUT OPERATION 

• 8.1   INTRODUCTION 

The problems associated with 
an engine failure in a multi-engine 
aircraft may be classified into 
two types; control problems and 
performance problems. The severity 
of one may greatly overshadow the 
othar in certain aircraft; but in 
general, the pilot is confronted 
with a generous portion of both. 

• 8.2 THE CONTROL PROBLEM 

The control problem may be 
simply stated - the pilot must be 
able to achieve and maintain 
straight unaccelerated flight fol- 
lowing the loss of an engine.  Thus 
the engine-out control problem can 
be divided into cases; the non- 

FIGURE 8.1 

steady state dynamic case and the 
steady state equilibrium case.  The 
dynamic case begins when an engine 
fails and terminates when the 
equilibrium case has been achieved. 

When a pilot intentionally 
shuts down an engine in an aircraft 
with adequate control authority to 
maintain equilibrium, the dynamic 
case is usually not severe and the 
transients encountered are mild. 
If, however, an engine fails sud- 
denly on takeoff, or the pilot makes 
a sudden application of go-around 
power to asymmetric engines, a 
potentially divergent rolling and 
yawing motion can ensue. 

These hazardous dynamic 
situations are caused by a rapid 
sequence of events, as illustrated 
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in the following hypothetical 
sequence: 

1. The aircraft is in a critical 
flight phase such as takeoff 
or go-around when a large 
yawing moment due to asym- 
metric thrust appears very 
suddenly.  The aircraft yaws 
rapidly through a large angle. 

2. The pilot allows a large side- 
slip angle to develop because 
of the high yaw rate and the 
surprise factor. A rolling 
moment into the bad engines 
is generated by the dihedral 
effect. This rolling moment 
is augmented by wing blanking 
on swept-wing configurations 
and by asymmetric slipstream 
effects on propeller aircraft. 

The severity of such responses 
is difficult to predict by theo- 
retical analysis, and flight test 
of critical situations is required 
to establish safe flight boundaries. 
Slow speed restrictions due to de- 
creased control effectiveness are 
most common, although others may 
exist in the supersonic range due 
to reduced stability.  The dynamic 
case boundaries are usually (al- 
though not necessarily) more re- 
strictive than thoise due to the 
2quilibrium case. 

For every given set of asym- 
metric conditions there is a speed 
below which aerodynamic control is 
insufficient to maintain the equi- 
librium case.  This is called the 
minimum control speed. 

FIGURE 8.2 

8.2 

As the angular momentum 
builds up in roll and yaw, 
larger compensating moments, 
over and above the steady 
state requirements, are re- 
quired to arrest the motion. 
Large control deflections are 
required because of the re- 
duced control effectiveness 
at slow speed, and adverse 
yaw adds to the forcing mo- 
ment.  If full control is 
insufficient to achieve equi- 
librium, a power reduction 
on the good, engines will be 
required. 

But a power reduction aggra- 
vates an already critical 
performance problem.  Speed 
is difficult to maintain be- 
cause of decreased thrust 
and increased drag.  If the 
down-going wing, which is 
at a high angle of attack 
because of the slow speed 
and the rolling velocity, is 
allowed to reach stall, the 
dynamic case may terminate 
without ever reaching equi- 
librium. 

YAW MOMENT 

PROPELLER AIRCRAFT 
ASYMMETRIC M0MF1NT 

MOMENT DUE TO 
MAXIMUM RUDDER 

f-JET AIRCRAFT 
/   ASYMMETRIC 
I   MOMENT 

MIMIMUM CONTROL 
SPEED 

Obviously, this minimum speed will 
vary with the prevailing conditions. 
Not so obvious, however, is the 
fact that for a given condition the 
equilibrium case can be maintained 
with different combinations of bank 
angle, sideslip angle, and rudder 
deflection and that the minimum 
speed will vary according to the 
combination used. 
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Engine-out definitions and 

terminology are not standard through- 
out the aviation industry and in any 
discussion it must be clearly under- 
stood what the conditions are, and 
that everyone is talking about the 
same thing.  Several more or less 
standard definitions are discussed 
below. 

Minimum Control Speed; 

It is possible that there will 
be no minimum control speed for a 
multi-engine aircraft because it 
can be controlled up to aerodynamic 
stall. This is the desired situa- 
tion.  MIL-F-8785 (para 3.3.9.2) 
specifies that straight flight must 
be possible during takeoff at any 
speed above minimum takeoff speed 
and further specifies the control 
forces and deflections that may be 
used to accomplish this,  This 
establishes the minimum control 
speed required for every possible 
gross weight condition.  It might 
therefore seem that a minimum con- 
trol speed is only of academic in- 
terest, but there may be instances 
where a multi-engine aircraft could 
meet the specifications at takeoff 
but be operated at a speed in some 
operational or approach flight 
phase which would be lower than 
minimum takeoff .speed and hence the 
asymmetric thrust minimum control 
speed must still be determined by 
flight test. 

Ground Minimum Control Speed: 

Control of asymmetrically 
powered multi-engine aircraft on 
the ground also presents a problem 
that must be considered.  If a pilot 
loses the most critical engine dur- 
ing takeoff roll, he must decide 
whether to continue the takeoff or 
abort.  MIL-F-8785 (para 3.3.9.1) 
specifies that the pilot must be 
able to maintain a path on the run- 
way that does not deviate more than 
30 feet from the original path if 
he decides to continue the takeoff 
and is above the refusal speed 

(based on the shortest runway from 
which the airplane is designed to 
operate).  If the pilot decides to 
abort, the directional control re- 
quirements are still specified but 
the pilot is allowed to use addi- 
tional controls such as nosewheel 
steering and differential braking. 
Flight (ground)' testing is required 
to show compliance with the specifica- 
tion so a ground minimum control 
speed can be determined.  This is 
defined as the lowest speed at which 
directional control can be maintained 
on the ground when the most critical 
engine fails during takeoff roll. 

a.S THE PERFORMANCE 

PROBLEM 

Reduced climb performance, 
service ceiling and range capability 
accompany an engine failure as a 
natural result of decreased thrust 
and increased drag.  The effect of 
engine failure on takeoff perfor- 
mance, however, is a complex subject 
requiring additional definitions 
and operational techniques. 

Takeoff Performance: 

The. basic requirement is 
simple; at every instant throughout 
the takeoff roll the pilot must 
have an acceptable course of action 
available to him in the event of 
engine failure.  During the first 
part of the roll, this action will 
be to abort the takeoff and stop. 
Beyond a certain point the action 
will be to continue the takeoff with 
the engine failed.  The dividing 
point between these courses of 
action is a function of aircraft 
performance. 

Consider an aircraft at a 
particular configuration and gross 
weight starting its takeoff roll 
on a given day.  For a given run- 
way length there is a maximum speed 
to which it can accelerate on all 
engines, lose the critical engine 
and then just complete a maximum 
effort stop at the far end of the 
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runway. This speed, called the 
refusal speed, is relatively high 
for long runways and relatively 
low for short ones. 

FIGURE 8.3 

NORMAL ALL-ENGINE 
ACCELERATION HIGH REFUSAL SPEED 

FOR LONG RUNWAYS 

The gap between the minimum- 
continue speed and the Refusal 
Speed reflects the size of the 
safety margin provided by a given 
runway for the particular condi- 
tions. 

FIGURE 8.5 

SAFE TAKEOFF 

SPIED 

ENGINE-OUT MAXIMUM 
EFFORT STOP 

DISTANCE 

REFUSAL SPEED 

REFUSAL SPEED is thus defined as 
the maximum speed to which the air- 
craft can make a normal takeoff 
acceleration, lose the critical 
engine at that speed and then stop 
on the remaining runway.  Stopping 
technique and devices to be used 
must be specified. 

Now consider the same air- 
craft making the same takeoff under 
identical conditions.  For a given 
runway length there is a minimum 
speed to which it can accelerate 
on all engines, lose the critical 
engine at that speed and then con- 
tinue the takeoff with the engine 
failed, getting airborne just at 
the far end of the runway.  This 
speed (a "minimum-continue" speed) 
varies ,;'ith runway length in a 
manner opposite that of refusal 
speed, i.e., it is relatively low 
for long runways. 

FIGURE 8.4 
-HICN MINIMUM CONTIMUE 
I SPEED FM SHOUT RUNWAYS 

TAKEOFF SPEED 

ENGINE-OUT 
v MAXIMUM STOP 
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FIGURE 8.6 
UNSAFE TAKEOFF 

DEAD MAN ZONE 
CAN'T .STOP, CAN'T 00 

^— DISTANCE 

FIGURE 8.7 

CRITICAL FIELD LENGTH 

SPEED 

^DISTANCE. 

IDENTICAL 
DISTANCE TO 
STOP OR GO 
WITH ENGINE 
FAILED 
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V / Critical Engine Failure Speed: 

If the critical engine fails 
at this speed, the distance re- 
quired to complete the takeoff is 
identical to the distance required 
to stop.  The total runway re- 
quired to accelerate to this speed, 
lose an engine, and then stop or 
go is the Critical Field Length. 

Initial Climb Performance: 

The periot between lift-off 
and attainment of best engine-out 
climb speed can be very critical. 
Military multi-engine aircraft are 
routinely loaded to gross weights 
that provide as low as 50 feet-per- 
minute rate of climb with an engine 
inoperative.  Obviously, this level 
of performance allows little margin 
for mis-management of attitude or 
configuration.  Flap retraction may 
have to be accomplished incremen- 
tally on a very tight speed schedule 
to keep sufficient lift for a posi- 
tive climb gradient without excessive 
drag.  Unexpected characteristics 
may be encounters^ in this phase. 
For example, the additional drag 
due to doors opening might make it 
desirable to delay gear retraction 
until late in the clean-up phase 
or in another instance, the time 
available to obtain the clean con- 
figuration might be limited by the 
supply of water injection fluid if 
dry thrust if ...sufficient to main- 
tain the climb.  Careful flight test 
exploration of this phase is an 
obvious requirement. 

Decision Speed/Distance: 

All the performance discus- 
sions above are concerned with what 
the aircraft will actually do.  It 
still remains for the pilot or 
operational authority to decide at 
what particular speed or distance 
the course of action will change 
from stop to go in the event of 
engine failure.  This defines the 
decision point. 

If the initial climb per- 
formance is going to be critical on 
the takeoff in question, the decision 
point may be near the higher speed 
end of the safety margin. 

FIGURE 8.8 

MINIMUM-CONTINUE SPEED 

-NORMAL ACCELERATION 

The B-47 illustrate the 
opposite case.  This aircraft has 
a very poor record for successful 
aborts and is operated with the 
decision point relatively early 
(near the low speed end) of the 
safety margin. 

FIGURE 8.9 

MINIMUM-CONTINUE SPEED 

Other cases may be decided 
by the nature of the overrun or 
the terrain beyond the runway, 
i.e., is it better to go off the 
far end almost stopped or almost 
flying? 

• 8.4    ENGINE-OUT   FLIGHT 

TESTING 

Military aircraft are usually 
designed with relatively low safety 
margins in order to attain the 
desired performance - the marginal 
engine-out climb capability pre- 
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viously mentioned is an example. 
In fact, during war emergency 
operation the gross weight may be 
so high chat engine-oat operation 
is not possible at all.  Flight 
tests of these critical phases, 
on or near the ground, require a 
high level of crew skill and pro- 
ficiency; each point must be care- 
fully planned and flown. 

With the circraft in the 
specified configuration, and with 
the critical engine failed, a 
seriec of stabilized points are re- 
corded at decreasing speeds. A 
plot of the critical control param- 
eter (this will most frequently be 
rudder force or deflection) versus 
airspeed is made to determine the 
minimum control speed. 

Such tests are a normal part 
of the Category I and II testing 
of a new aircraft.  They also play 
a vital part in side-by-side eval- 
uations of assault or VSTOL trans- 
ports where the ability to carry 
a useful load in and out of a given 
landing area is frequently limited 
by engine-out performance.  Indi- 
vidual evaluations to determine if 
an aircraft meets the contractor's 
guarantees may also hinge on this 
area of operation. 

Flight Minimum Control Speed: 

it will be shown later in 
paragraph 8.5 that an aircraft with 
an engine inoperative can be sta- 
bilized in straight (unaccelerated) 
flight in various combinations of 
bank angle, sideslip angle, and 
rudder deflection.  For determina- 
tion of minimum control speed, the 
maximum bank angle of 5 degrees 
allowed by MIL-F-8785 will be held 
constant, and the other two param- 
eters adjusted as necessary to 
achieve straight flight. 

The critical engine is always 
an outboard engine.  For reciprocat- 
ing aircraft with clockwise rotating 
propellers (looking forward), the 
left outboard is critical due to 
torque.  Assuming there is no 
angular motion of the aircraft to 
provide gyroscopic couples from 
rotating ermines, left or right is 
usually not critical on a jet pow- 
ered aircraft (the distinction may 
be important for dynamic points, 
however). 

FIGURE 8.10 

CRITICAL 
CONTROL 
PARAMETER 
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(lbs) 1        v 
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i 

FLIGHT MINIMUM 
TROL SPEED 

                    » SPEED 

The minimum control speed 
usually increases at lower altitude 
due to increased engine thrust; the 
test must be accomplished at more 
than one altitude, including one 
as low as is safely possible, to 
provide an extrapolation to sea 
level. 

DIFFERENT Vmc 

EACH    EST ALTITUDE 

PREDICTED SEA 
LEVEL VALUE 

»_» MINIMUM CONTROL 
SPEED 

Care must be exercised to 
obtain points that are unaccelerated 
and well stabilized.  The outside 
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V Visual attitude is primary for 
maintaining airspeed, bank angle, 
and zero yaw rate, using the cock- 
pit instruments for cross check. 
The ball, which in unaccelerated 
flight will always be at the bottom 
of the race, is the primary refer- 
ence used to eliminate accelera- 
tions that result from unbalanced 
forces in the y direction.  These 
lateral translations are difficult 
to discern visually, 

Dynamic Engine Failure: 

The military specifications 
(MIL-F-8785 para 3.3.9.3) require 
that a pilot be able to avoid dan- 
gerous conditions that might result 
from the sudden loss of an engine 
during flight.  The method to test 
compliance with this specification 
is to stabilize with symmetrical 
power and dynamically fail the most 
critical engine.  After observing 
a realistic time delay for pilot 
realization and diagnosis, the pilot 
arrests the aircraft motion and 
achieves the equilibrium engine-out 
condition.  Since it obviously re- 
quires more control to arrest the 
motion than to maintain equilibrium, 
this dynamic situation must be con- 
sidered in determining the minimum 
control speed. 

Minimum control speed should 
not be set by any factor other than 
insufficient control.  If -..he air- 
craft stalls before reaching the 
minimum control speed, a statement 
that "at this gross weight, the 
aircraft is controllable down to 
the stall" is preferable to calling 
the stall speed the "minimum con- 
trol speed." 

Ground Minimum Control Speed; 

The ground minimum control 
speed will differ from the flight 
value because of: 

1.  The inability to use side- 
slip and the restriction on 
the use of bank angle. 

2. Cross wind components. 

3. The additional yaw moments 
produced by the landing gear, 
which in turn vary with:  the 
landing gear configuration; 
the amount of steering used; 
the vertical loads on each 
gear; and runway condition. 

There are two basic test 
methods, one involving acceleration 
and the other deceleration.  If the 
.aircraft will decelerate with the 
asymmetric power condition set up 
(symmetrical pairs of non-critical 
engines may also be retarded) the 
"back-in" method may be used.  The 
test is started at a ground speed 
in excess of the expected minimum 
and the power condition is set.  As 
the speed decreases, more aerody- 
namic control deflection is required; 
the speed where directional control 
cannot be maintained is the minimum 
control speed. 

Some high performance air- 
craft accelerate i"n the test condi- 
tion and the acceleration method 
is required.  The asymmetric yaw- 
ing moment is gradually increased 
(by throttle manipulation) as in- 
creasing speed provides more con- 
trol.  The speed where sufficient 
control is available to hold the 
full asymmetric power condition 
is the minimum control speed.  This 
method requires considerable skill 
and coordination to obtain good 
results - the aircraft is essen- 
tially rt minimum control speed 
throughout the acceleration. 

Both of the methods above 
determine equilibrium control 
speeds.  When sufficient experi- 
ence has been obtained, sudden 
engine cuts are performed to deter- 
mine if dynamic effects are more 
restrictive. 

In-Flight Performance: 

Normal performance flight 
test methods may be used to deter- 
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mine the climb, range, and endur- 
ance at altitude with engines in- 
operative . 

Landing Performance; 

Restricted reversing capa- 
bility and possible higher approach 
speeds required to maintain minimum 
safe speeds will affect landing per- 
formance.  Normal flight test meth- 
ods are valid, but caution must be 
exercised in go-around situations. 

• O.B    EFFECT   OF    BANK    ANGLI 

ON   THE   EQUILIBRIUM   CASE 

If torque and gyroscopic 
effects due to rotating engines 
or propellers are neglectsd, all 
the forces acting on an aircraft 
in flight with an engine inopera- 
tive are shown in figure 8.12. 

FIGURE 8.12 

FIGURE 8.13 

R is now the remaining portion of 
the total aerodynamic reaction, 
such that: 

1T= T+ ^R + AL + TT+TT 

R has a point of action that is 
near, but not necessarily at, the 
aircraft c.p.  Assuming mass to be 
symmetrically distributed, the 
weight vector acts through J-Ie eg 
at the origin of the body a <is sys- 
tem.  Because of the possibility of 
sideslip, none of the aerodynamic 
force vectors necessarily pass 
through a body axis, i.e., they 
may all produce moments in three 
directions.  When all forces are 
resolved into components parallel 
to the body axes, the representa- 
tion in figure 8.14 is obtained. 

The vector Ris the total aerody- 
namic reaction acting at the air- 
craft center of pressure.  Ihis 
vector may be thought of as the 
sum of all the smaller reactions 
acting on the separate parts of 
aircraft.  For the present discus- 
sion it is convenient to handle 
separately the smaller reactions 
that act on the ailerons (Ar and 
A^, the vertical fin and rudder 
(Or and the horizontal stabilizer 
and elevator (ErT as shown in fig- 
ure 8.13. 

FIGURE 8.14 

A     *". 

i, 
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If the restriction of equi- 
librium (unaccelerated) flight is 
now imposed, six equations result: 

(4) Fy = 0 

Longitudinal Lateral-Directional 

(1) Fx = 0 

(2) Fz = 0     (5) L = 0 

(3) M = 0      (6) N  = 0 

The longitudinal equations 
are not critical in the achieve- 
ment of equilibrium; they are bal- 
anced by the usual technique of 
stabilized points, i.e., variation 
of pitch angle (e), angle of attack 
(a), and elevator deflection (<5e). 

If the forces of figure 8.14 
are all moved to the eg and the 
moments lost by the move are re- 
placed, the six equations can be 
expanded as shown below. 

(1)    V    + E    + U    + A„   + A,    + C + T    =0 
'        x,       x x K L   , i    i        x 

control drag    '-►other drag 

-►equation is balanced with 0 

(2)N + E    +U    +An    +A,    + W    +T    =0 
iJ_j        z     ,   z R L _.       z z 

k_ 

very small 

JJ 

-►equation is balanced with G 

HM/, (3)   M/    + M/T + M/N + M/c + M/u + M/A 

R,Ii 

very small 

= 0 

► equation is balanced with 6e 

The lateral-directional equa- 
tions are of most interest in 
achieving equilibrium.  The roll 
equation (5) is usually not criti- 
cal, although in som»1. cases lack 
of aileron authority may be the 
limiting factor. 

(5)   L/           +L/T + L/u + L/N+L/s + L/E=0 
K> J-J ^ ' 

very small 

^►equation is balanced with 6a 

It now remains to be shown 
that the side force equation (4) 
and the yaw equation (6) can be 
simultaneously balanced using an 
infinite number of combinations of 
bank angle ($), sideslip (ß), and 
rudder deflection (6r). 

(4) W + U + S + E + A_ + A,  = 0 

"   V   y      ly      y      vJ 
W sin small values combined 

X                                   into S 

Side Force Equation:    W sin i/> + U   +S =  >                                           y °l 
(6)  ,N/_ +N/- + N/,,+ N/ . N/u+N/s=0 

V stnall   adverse yaw 
 -Y  

lumped together as Np-orcin„ 

Yaw Equation:   N_ + N/T,  f N/,. = 0 
Forcing U S 

The point 
related to the d 
with the vertica 
Certain aircraft 
its long, slab-s 
and swept wings, 
directional stab 
vertical tail in 
case S would ope 

of action of S is 
irectional stability 
1 tail removed. 

such as B-52 with 
ided aft fuselage 
might have some 
ility without the 
stalled, in which 
rate aft of the eg. 
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Aircraft more generally will 
be directionally unstable in this 
condition, and S will operate ahead 
of the eg. 

NO VERTICAL 
TAIL 

Equilibrium with B = 0 

B     -  0 

<t>    = reduced 

6r = moderate 

RW 

I 

W sin  <j>  = Uy 

N„ = N/r7 Forcing 'U 

Q — w,.„^ 
' " forcing 

<\ 

In either case S will have a 
short arm compared to that of Uy 
and the sign of N/g (which in the 
discussion below will be considered 
unstable) or the effect of the 
other simplifying assumptions will 
not alter the diagrams below. 

Equilibrium with ^r = 0 

8   from good engine side 

$   large 

6r = 0 
RW 

^^ W sin Q 

N i      ■   +NS " forcing 

W sin  <(>  = U„  + S 

N^   .   + N/_ = N/rT Forcing   'S   'U 

Equilibrium with <j>  = 0 

ß   from bad engine side 

<J>  = 0 

6r = large 

-ih-+~* 
N forcing _N S 

uy = s 

»Forcing " N/s = N/u 

It may be shown by trial and 
error that the arrangements above 
are the only ones possible for the 
conditions specified provided the 
aircraft is truly following an un- 
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¥ o accelerated flight path.  For ex- 
ample, if the 0 = 0 condition is 
attempted with ß from the good 
engine side, equilibrium cannot 
be obtained. 

False d> = 0 Point 

Aircraft is accel- 
erating because of 
insufficient rudder 

Uy + S ± 

Because 
9 = 0 the 
point may 
appear to be 
in equilibrium 

s -* 

,+N S 

Compared to the true 41 = 0 
condition, more Uy is required to 
balance the yaw equation (since 
N/o is now added to N ) but 
it is obtained with less 6r because 
of the favorable ß at the tail. 
But the side force equation is not 
balanced (Uy + S f  0) and the air- 
craft is actually accelerating to 
the left.  This condition, which 
can be readily attained in flight 
if insufficient rudder is used in 
the <)> = 0 condition, is difficult 
to see visually but can be recognized 
by a displacement of the ball to the 
right.  If additional right rudder 
is applied until the ball returns 
to the bottom of the race, the side- 
slip will return to the bad engine 
side. 

forcing + N/S = *'u 

V 

The relationship between 
1  6r revealed abov 

marized in figure 8.15. 
and 6r revealed above is sum- 

FIGURE8.15 

(0    $)    -w- INCREASING BANK INTO THE GOOD ENGINE 

NCRE »SING BUM.'! 1 

THE ACTUAL QLJuNTIT IV ( VALUfrSON THIS CHt 
VAST WITH AIRCRAFT DESIGN ANn THf MAGNITl 
OF  THE   SECONDARY  EFFECTS AND ASSUMPTION 

Rf QUIRE Mt NT   ■—       A   -  1 

PHOHMBL E   Aft * 
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• 0.«   DEMONSTRATION   MISSION 

The student will fly an 
Engine-Out demonstration mission 
from the rear cockpit of the B-57. 

Performance Evaluation - 
Single-Engine Climb: 

Clean configuration trimmed 
for normal climb (300 kt). 

Single-engine climb to 
assigned altitude with left 
engine at idle, right engine 
at 100%. 

With time to climb to alti- 
tude starting at 5,000 feet 
and maintaining a constant 
heading, take stabilized 
camera readings at: 

holding all forces constant 

1. 

2. 

= 0< 

= 5° 

= 5°  rudder forces only trimmed 

= 5°  rudder and elevator forces 
trimmed 

= 5°  all forces trimmed 

Effect of Bank Angle on Yaw 
Control: 

1.  Clean configuration stabilized 
at assigned altitude at a 
speed slightly above minimum 
control speed. 

2.  Holding forces with left en- 
gine failed and right engine 
at 100%, record at trim 
airspeed: 

Directional Control Teat 
(MIL-F-8785 para 3.3.9.2): 

1. The takeoff configuration is 
trim shot power, the same as 
required for the previous 
test. 

2. Left engine idle, right 
engine 100%. 

3. Record stabilized points at 
equal airspeed increments 
from trim speed to Vmin> cont. 
first at <(> = 0° and then re- 
peat the test with * = 5° and 
Sensitive Bank Angle Indicator 
Operating. 

Asymmetric Power Test (MIL- 
F-8785 para 3.3.9.4): 

1. Configuration CR 

2. Trim to 90 percent noseup 

3. Set both engines at 96.5 
percent power 

4. Airspeed 160 kt 

5. Use a sawtooth entry 1,000 
feet below the assigned alti- 
tude.  At the assigned alti- 
tude, an engine will be 
chopped to idle.  Recover with 
no delay using the ailerons, 
feet on the floor. 

6. Record data through recovery 
(start data 300 feet prior 
to reaching the assigned 
altitude). 

Hand-record $ max and fmax 
and qualitatively determine 
if MIL-F-8785 requirements 
are met. 

False $ =0° point 

■p =   0° 

8 = 0° 

Fv = 0 

into engine idle 

Test. Repeat steps 1-7 using 
150 KIAS (or 1.3 V0min which- 
ever is higher) 

Trim Evaluation (MIL-F-8785 
para 3.6.1.1) : 

Configuration - CR 

8.12 
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FIGURE 8.16 

EFFECT OF SANK ANCLE 
LEFT E/iGDNf FAILED 

(+) 

/ "V.v«13t)| 
Cf      TYPICAL CURVES ONLY 

*l BELIEVE YOUR DATA 

I I 
I I 
r-   NORMAL -»i 

OPERATION 

(«wo 
BANK ANGLE 

Trim - as set for trim shot 

Power:  Left engine - As re- 
quired 

Right engine - Idle 

Airspeed - Flight Manual 
max - range 
single-engine 
cruise speed, 
40,000 pounds gross 
weight, at assigned 
altitude 

Altitude - as assigned 

Test - with t> = 0° 

Record - holding all forces 

- rudder trimmed; Fr = 0 

- aileron trimmed; 
Fa = 0 

- all forces trimmed 

1. 

2, 

3. 

4, 

5. 

Dynamic Engine Failure (MIL- 
F-8785 para 3.3.9.3): 

Configuration CR 

Trim - as required 

Power - 10 0 percent both 
engines 

Airspeed - 140 KIAS 

Start 1,000 feet below 
assigned altitude 

Test - Climb through to the 
assigned altitude. 
The IP will chop an 
engine.  Delay 3 
seconds and then re- 
cover.  Test each of 
the following recovery 
methods: 

- ailerons first, then 
rudder 

- rudder first, then 
ailerons 

- rudder and aileron 
simultaneously 

Qualitatively record: 

- •].   and (, at 3 seconds after 
throttle chop 

- ;i,max and .i.,lax during re- 
covery 

- Altitude lost in recovery 

Photo record data throughout 
recovery 

Repeat steps 1-8 id 130 and 
120 KIAS 

Single-Engine Go Around Eval- 
uation : 

Configuration - PA 

Trim - As required 

Power - as required for de- 
scent at 135 KIAS, 

III 
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rate of descent 500 
feet per minute with 
both engines operating. 

4. Altitude - 8,000 feet 

5. Test - Qualitatively evaluate 
with an engine failed 
and 4) - 5° maximum 

- Power required to 
maintain a 500 foot 
per minute descent with 
flaps up. 

- Power required to level 
off 

- Accelerate with gear 
up to 160 KIAS and go 
around. 

6. Repeat Test 5 with the flaps 
down. 

Single-Engine Traffic Pattern 
and Landing: 

1. Qualitative analysis of sin- 
gle-engine traffic and landing 
qualities. 

2. Test - Consult the Technical 
Order for proper sin- 
gle engine traffic 
and landing procedures 
(pay particular atten- 
tion to WARNINGS CAU- 
TIONS and NOTES). 

3.  Record qualitative comments. 

Single-Engine Taxi Evaluation: 

1.  Record qualitative comments. 

• 8.7 DATA 

Data to Be Recorded: 

The photopanel will be used 
for all stabilized points (parameters 
as prescribed in ARPS Special Instru- 
mentation Requirements).  Normally 
a continuous oscillograph record 
of dynamic points would be obtained. 
The student should record any appli- 
cable qualitative con... ants deemed 
necessary. 

Data Presentation: 

Plots similar to figures 8.10 
and 8.11 will be presented in the 
report.  Discussion of the minimum 
control speed and any other appli- 
cable findings should be included. 
A plot similar to figure 9.16 should 
also be prepared to illustrate the 
effect of bank angle. 

Several methods of asymmetric 
data presentation are presently being 
developed.  They are worthy of note. 
As aircraft size increases; gross 
weight and bank angle become impor- 
tant considerations in determining 
minimum control speeds.  To normalize 
this consideration a plot of CL 
sin •$  versus Thrust Moment is used. 
Temperature, pressure altitude, and 
dynamic pressure also effect the 
minimum control speed.  To normalize 
these effects, (colder or hotter 
than standard day) a plot has been 
developed that depicts Thrust Moment 
versus Dynamic Pressure. 

8.14 
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CHAPTER 

DYNAMIC STABILITY 

•.1 PURPOSI 
The purpose of the dynamic 

stability flight test is to investi- 
gate an aircraft's primary modes 
of motion.  This investigation will 
ascertain the acceptability of 
these modes - frequency and damping 
being the characteristics of pri- 
mary importance. 

9.2   AIRCRAFT   MODES   OF 
MOTION 

The characteristic modes of 
motion of a modern aircraft are 
becoming of more interest as flight 
regions expand.  An aircraft that 
has its mass primarily distributed 
along the fuselage and is designed 
for high speed flight could foster 
undesirable conditions during cer- 
tain flight regions.  The dynamic 
response of an aircraft to various 
pilot control inputs is important 
in evaluating its handling quali- 
ties.  The aircraft may be stati- 
cally stable yet its dynamic re- 
sponse could be such that a danger- 
ous or impossible flight character- 
istic results.  The aircraft must 
have dynamic qualities that will 
permit the design mission to be 
accomplished.  One of the test pi- 
lot's prime responsibilities is to 
evaluate these handling qualities 
with respect to the expected mission, 

An air 
major modes 
goid, short 
roll and spi 
will deal wi 
modes first 
period) then 
modes (Dutch 
rolling mode 
VII. 

plane usually has five 
of free motion.  (Phu- 
period, rolling, Dutch 
ral.)  This chapter 
th two longitudinal 
(phugoid and short 
two lateral-directional 
roll and sprial).  The 
is covered in Chapter 

There are several different 
forms that the modes of motion may 
take.  Figure 9.1 shows four possi- 
bilities for aircraft free motion; 
a pure divergence, a pure conver- 
gence, a damped or an undamped oscil- 
lation.  The aircraft, being a rather 
complicated dynamic system, will move 
in a manner that is a combination of 
several different modes at the same 
time. One of the problems of flight 
testing is to initiate the excitation 
input so that the various individual 
modes can be picked out and analyzed 
on an individual basis. 

An airplane usually has two 
n.ajor longitudinal modes of free 
motion.  One is the long period 
mode or "phugoid" which is essen- 
tially a variation in airspeed 
and p1' tch angle at nearly constant 
angle of attack.  Its period is of 
the order of 2 0 seconds to 2 minutes. 
The other mode is of short period 
and is characterized by an oscilla- 
tion of angle of attack and pitch 
angle at nearly constant airspeed. 
Its period is usually less than 
four seconds. 

The phugoid mode is generally 
not considered an important flying 
quality 'r^cause its period is usually 
of sufficient duration that the 
pilot has little difficulty in con- 
trolling it.  However, under cer- 
tain conditions it is possible for 
the damping to degenerate sufficient- 
ly so that the phugoid mode becomes 
important.  The phugoid is char- 
acterized by airspeed, altitude, 
pitch angle, and rate variations 
while at essentially constant angle 
of attack. 

The shori. period mode is an 
important flying quality because 
its period can approach the limit 
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of  pilot reaction time and it is 
the mode which a pilot uses for lon- 
gitudinal maneuvers in normal flying. 
The period and damping may be such 
that the pilot may induce an un- 
stable oscillation if he attempts 
to damp the motion with control 
movements.  Hence, heavy damping 
of this mode is desirable.  In most 
airplanes the short period mode is 
sufficiently damped, but some air- 
planes must be fitted with arti- 
ficial damping devices.  These 
airplanes should be flight tested 
with dampers on and off.  The short 
period is characterized by pitch 
angle, pitch rate, and angle of 
attack change while essentially at 
constant airspeed and altitude. 

Damping is described in terms 
of damping ratio or number of cycles 
to damp to a specified fraction of 
initial amplitude.  Although heavy 
damping of the short period mode is 
desired, investigations have shown 
that damping alone is insufficient 
for good flying qualities.  In 
fact, very high damping may result 
in poor handling qualities.  It is 
the combination of damping and fre- 
quency of the motion that is impor- 
tant. 

FIGURE 9.1 

INPUT RESPONSE 

TIMS 

I 
I 
I 

t = 0 
(b)FURE CONVERGENCE 

(c) OSCILLATION WITH ZERO DAMPING 

(0) OSCILLATION WITH NEGATIVE DAMPING 

S.2 

(<■) PURE   DIVERGENCE 

Bh^tt^^j ■ —- 'i i -<nitiiiiiiMii(rr«iriÜI 



The longitudinal modes should 
be flight tested for open-loop as 
well as closed-loop stability, since 
open-loop longitudinal modes can 
also be important.  In open-loop 
motion, the elevator and control 
system is free to move (pilot does 
not hold the control) so that its 
motion is coupled with the longi- 
tudinal stick-fixed modes.  The 
influence of the free elevator 
depends upon the magnitude, fre- 
quency and phase of elevator motion. 

Tests for short period sta- 
bility should be conducted from 
level flight at several altitudes 
and Mach numbers.  Closed loop 
short period stability tests should 
be made also at various normal 
accelerations in maneuvering flight. 
This stability, when coupled to the 
pilot, is especially important to 
tracking and formation flying. 

•.a   MILITARY   SPECIFICATION 
REQUIREMENTS 

MIL-F-8785 specifies that an 
aircraft's short period response, 
controls fixed or free, shall meet 
the requirements of frequency damp- 
ing and acceleration sensitivity 
established in para. 3.2.2.1a, 
3.2.2.1b, and figure 1.  Residual 
oscillations shall not be greater 
than 0.05g at the pilot's station 
nor more than +3 mils of pitch ex- 
cursion for category A Flight Phase 
tasks. 

9.4    EXAMPLE   TEST    METHODS 

The phugoid mode may be exam- 
ined by stabilizing the airplane 
at the desired flight conditions and 
trimming the control forces to zero. 
Increase or decrease the airspeed 
by some small increment by the prop- 
er control pressure.  For stick- 
fixed stability return the control 
to neutral and hold it fixed.  For 
stick-free stability, return the 

control to neutral and then release 
it.  After the control is released 
or returned, it may be necessary 
to maintain wings level by light 
lateral or slight directional pres- 
sure.  Damping and frequency of 
phugoid motion may be changed appre- 
ciably by the presence of small 
bank angles (5 to 15 degrees).  It 
may be very difficult to return the 
control to its trimmed position if 
the aircraft control system has a 
very large friction band.  In such 
a case, the airspeed increment may 
be obtained by an increase or de- 
crease in power and returning it 
to its trim setting or extending a 
drag device.  In either case the 
aircraft configuration should be 
that of the trim condition at the 
time the data measurements are made. 

To examine the short period 
mode, stabilize the airplane at 
the desired flight condition, (al- 
titude, airspeed, normal accelera- 
tion) .  Trim the control forces to 
zero (for one g normal accelera- 
tion) .  Abruptly deflect the lon- 
gitudinal control to obtain a change 
in normal acceleration of about 
one-half g.  For stick-fixed 
stability, return the control to 
neutral and hold fixed.  For stick 
free stability, release the control 
after it is returned to neutral 
(normally conducted only from one 
g flight).  The aircraft response 
should be examined for positive and 
negative changes in normal accelera- 
tion.  If the aircraft is equipped 
with artificial stabilization de- 
vices the test should be conducted 
with this device off as well as on. 
A note of caution:  The abruptness 
and magnitude of the control input 
must be approached with due care! 
Use very small inputs until it. is 
determined that the response is not 
violent.  A suggested technique is 
to apply a longitudinal control 
doublet (a small positive displace- 
ment followed immediately by a 
negative displacement of the same 
magnitude followed by rapidly re- 
turning the control to the trimmed 
position).  Start with small magni- 
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tudes and gradually work up to the 
desired excitation. 

An input that is too sharp 
or too large could very easily 
excite the aircraft structural mode 
or produce a flutter that might 
seriously damaqe the airplane and/ 
or injure the pilot. 

Data Required; 

For trim conditions, pressure 
altitude, airspeed, weight, eg posi- 
tion, and configuration should be 
recorded. 

The test variables of concern 
are, airspeed, altitude, angle of 
attack, normal acceleration, pitch 
angle, pitch rate, control surface 
position, and control position. 

Reduction and Presentation of 
Data: 

Time histories of stick-fixed 
and stick-free oscillations should 
be presented.  A complete analysis 
would present damping ratio and fre- 
quency as a function of flight con- 
dition.  If the motion were non- 
oscillatory divergent, the insta- 
bility could be represented by the 
time required to attain a certain 
parameter value from a trimmed con- 
dition. 

Short period mode investiga- 
tions have shown that frequency as 
well as damping is important in a 
consideration of flying qualities. 
This is so because at a given fre- 
quency, damping alters the phase 
angle of the closed-loop system 
(which consists of a pilot coupled 
to the airframe system).  Phase 
angle of the total system governs 
the dynamic stability. 

Phugoid: OKULATO« 
PAR.WF Tf 

Stabilize the aircraft at 
the test altitude and the test air- 
speed.  Smoothly increase the pitch 
angle until the airspeed reduce 
10 to 15 knots below the trim air- 
speed.  Very smoothly return the 

control column to the trim position 
and release all pressure.  When the 
pitch angle reverses start timing. 
Record the maximum airspeed as the 
nose comes through level flight. 
The nose of the aircraft will con- 
tinue to come up, reverse, and 
start down.  Record the minimum 
velocity as the nose again passes 
through level flight.  As the 
pitch angle reverses again mark 
the time.  Continue the maneuver 
through 3 cycles. 

Slight turbulence or imper- 
fect lateral trim may result in 
wing roll during the pitch oscilla- 
tions.  If this should occur, then 
control the bank with smooth and 
light rudder pressures being care- 
ful not to excite aircraft Dutch 
roll. 

Data Reduction, Pilugoid. 

1.  Plot a time history to in- 
clude 3 cycles of the phugoid, 
Label airspeed, pitch rate 
and angle of attack. 

FIGURE 9.2 
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2.  Determine the trequeney of 
the oscillation.  Plot cycles 
versus time in a working plot. 
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Determine the phugoid damping 
ratio (?).  Sketch the damp- 
ing envelope on the oscillo- 
graph trace. Measure the 
width of the envelope at the 
peak values of the oscilla- 
tion.  Form the subsidence 
ratios (Xm/X(j) -  From figure 
9.4 or 9.5 find the damping 
ratio for each subsidence 
ratio.  Average these damping 
ratios.  If the subsidence 
ratio is greater than 1.0 
then use the inverse of that 
subsidence ratio.  The damp- 
ii.g ratio thus determined 
will be negative. 

Determine the phugoid undamped 
nautral frequency (w). 

f = 
A cycles 
A time 

from figure 9.3 

FIGURE 9.3 
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FIGURE 9.4 
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FIGURE 9.5 
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Plot phugoid frequency and 
damping ratio versus Mach 
number. 

FIGURE 9.6 FIGURE 9.7 
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EXAMPLE  NO. I  DATA  REDUCTION  LIGHTLY  DAMPED OSCILLATION 
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6.  In the test results include 

a short discussion on the 
effect the phugoid mode has 
on the aircraft handling quali- 
ties. This discussion should 
be presented with respect to 
^n intended mission for the 
aircraft.  Quantitatively 
compare the damping ratios 
with the requirements of MIL- 
F-8785. 

B.    Short Period; 

Stick-Fixed. 

Stabilize the aircraft at the 
test altitude on the test airspeed. 
Select oscillograph speed 4 and 
start recording.  Smoothly but 
abruptly pull back on the control 
column; push it forward, and then 
rapidly return it to the trimmed 
position and hold it there.  Vvhen 
the aircraft transient motion stops, 
stop recording data.  Reverse the 
order of the input pulse and repeat. 
The airspeed and altitude should 
remain essentially constant during 
this maneuver.  The data should be 
taken when the input pulse is 
approximately one-half g. This input 
pulse should be started small and 
gradually increased as the pilot's 
technique improves and if the air- 
craft response is satisfactory. 

Stick-Free. 

Stabilize t 
the test altitude 
speed. Select, os 
4 and start recor 
but abruptly pull 
trol column, push 
turn it to approx 
and release. Whe 
transient motion 
cording data. Re 
order and rtpeat 

he aircraft at 
on the test air- 
cillograph speed 
ding.  Smoothly 
back on the con- 
it forward, re- 

imately neutral 
n the aircraft 
stops, stop re- 
verse the input 

Data Reduction, Short Period. 

1.  Plot a time history of the 
aircraft response for closed- 

loop and open-loop.  Label 
elevator deflection, control 
deflection, load factor, and 
angle of attack.  Examine the 
phase angle between the stick 
movement and the actual ele- 
vator deflection for compli- 
ance with MIL-F-8785. 

Determine the short period 
damping ratio (c).  If the 
short period response is 
oscillatory and the damping 
ratio 0.5 or less proceed as 
outlined for the phugoid 
mode.  If the damping ratio 
is between 0.5 and 2.0 then 
use figure 9.9.  Select the 
point on the response curve 
at which the response is free. 
Divide the amplitude into 
the values 0.736, 0.406, and 
0.199.  Measure time values 
t\,   t2 and tß.  Form the 
time ratios t2/tj_, tß/tj., and 
t3 - t2/t2 - t]_.  Enter fig- 
ure 9.9 at the Time Ratio 
side and find a damping ratio 
for each time ratio.  For 
this damping ratio find a 
frequency time product for 
(wn ti) (un t2) and (wn tß). 
Average the damping ratios. 

FIGURE 9.8 
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FIGURE 9.9 
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Average the natural frequency. 

Plot short period natural 
frequency and damping ratio 
versus Mach number. 

FIGURE9.il 
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u Froir the oscillograph trace, 
form the ratio, nz/a.  This 
is determined from the peak 
angle of attack which pro- 
duced the peak "g."  See 
where un versus nz/a is 
located in figure 1, MIL- 
F-8785. 

In the test results include 
a short discussion on the 
effect of the short period 
characteristics have on the 
handling qualities of the 
aircraft. 

FIGURE 9.12 

• 9.8    LATERAL-DIRECTIONAL 
DYNAMIC   STABILITY 

Dutch  Roll: 

The lateral-directional 
oscillations involve roll, yaw, and 
sideslip.  The stability of the 
Dutch roll mode varies with air- 
plane configuration, angle of attack, 
Mach number, and damper configura- 
tion.  Dynamic stability of the 
lateral-directional modes is governed 
primarily by the static lateral and 
directional stabilities (C£g and Cng), 
damping in roll and yaw (C£n and 
Cnr), and moments of inertia.  The 
presence of a lightly damped oscil- 
lation adversely affects aiming 
accuracy during bombing runs, fir- 
ing of guns and rockets and precise 
formation work such as in-flight 
refueling. 

EXAMPLE   NO. 2 DATA  REDUCTION HEAVILY   DAMPED  RESPONSE 

[       I 

| 
| 

1, 
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(0 „AV0*5.»*AD SEC 
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Stability of the oscillations 
is represented by the damping ratio; 
however, the frequency of an oscil- 
lation is also important in order 
to correlate the motion data with 
the pilot's opinion of handling 
qualities - 

Military Specification RE 
guirements: 

Section 3.3 of MIL-F-8785 
specifies in figure 2 the require- 
ments for lateral directional hand- 
ling qualities.  It also states the 
residual oscillation that may be 
allowed for Category A Flight Phases. 

Example Test Methods: 

Release from Steady Side- 
slip. 

Stabilize the airplane in 
level flight at test flight condi- 
tions and trim forces to zero. 
Establish a steady straight-path 
sideslip angle.  Rapidly neutralize 
controls.  Either hold controls 
for control-fixed or release con- 
trols for control free response. 
Start with small sideslip in case 
the aircraft diverges. 

Rudder Pulse (Doublet). 

Stabilize the airplane in 

level flight at test flight condi- 
tions and trim.  Rapidly depress 
the rudder in each direction and 
neutralize.  Hold at neutral for 
control-fixed or release rudder for 
control free response.  For aircraft 
which require excessive rudder 
force in some flight conditions, 
the rudder pulse may be applied 
through the augmented directional 
flight control system. 

Aileron Pulse. 

Stabilize the airplane in 
level flight at test flight condi- 
tions and trim.  Hold aircraft in 
a steady turn of 10 to 30 degrees 
of bank.  Roll level at a maximum 
rate reducing the roll rate to 
zero at level flight.  CAUTION . 
. . Such a test procedure must be 
monitored by an engineer who is 
thoroughly familiar with the iner- 
tial coupling of that aircraft and 
its effect upon structural loads 
and non-linear stability. 

Data Required. 

For trim condition, pressure 
altitude, airspeed, weight, eg 
position, and aircraft configura- 
tion should be recorded.  The test 
variables of concern are:  bank 
angle, sideslip angle, yaw rate, 
bank rate, control positions, and 
control surface positions. 

Reduction and Presentation 
of Data. 

Flight test data will be 
obtained as time histories.  When 
determining ehe damping ratio the 
roll rate parameter usually pre- 
sents the best trace. 

Nonlinearities in the air- 
craft response may hinder the ex- 
traction of the necessary parameters, 
These can be induced by large input 
conditions.  Small inputs balanced 
with instrument sensitivity give 
the best result. 

112 
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moderately damped high fre- 
quency oscillation may be less satis- 
factory than a lightly damped low 
frequency oscillation.  If the fre- 
quency is higher than pilot reaction 
time, the pilot cannot control the 
oscillation, and in some cases may 
reinforce the oscillation to an un- 
desirable amplitude.  Since it is 
the damping frequency combination 
which influences pilot opinion more 
than damping alone, some effort 
should be made to correlate this 
combination with pilot opinion of 
the lateral-directional oscillation. 

At supersonic speeds, sta- 
bility decreases with increased 
Mach number and altitude for con- 
stant g.  An evaluation should pro- 
ceed cautiously to avoid posible 
divergent responses that can result 
from nonlinear aerodynamics. 

Control-Free Dutch Roll. 

Stabilize the aircraft on 
test altitude and airspeed.  The 
yaw damper and rudder power should 
be on.  Select oscillograph speed 
3 and start recording.  Smoothly 
establish a steady straight side- 
slip using rudder and aileron.  Re- 
lease the controls.  Start counting 
and timing oscillations when the 
aircraft nose reaches its extreme 
position from where it was released. 
Stop recording w.ien the oscillation 
stops or after 5 to 8 cycles.  Use 
caution and avoid any excessive 
sideslip angles. 

Restabilize the aircraft with 
the yaw damper off.  Select speed 
3 on the oscillograph and start 
recording.  Establish a steady 
straight sideslip and release con- 
trols.  Start counting and timing 
cycles when the nose reaches its 
extreme position from the point of 
release.  Stop.recording after 5 
to 8 cycles.  Repeat the test with 
the rudder power off.  Use caution 
in this configuration and avoid 
any excessive sideslip angles. 

Data Reduction. 

1. Sketch 5 cycles of the Dutch 
roll in each configuration, 
(damper and rudder power on, 
damper off, dampers and rud- 
der power off). Label side- 
slip, bank angle and rudder 
deflection. 

FIGURE 9.13 

TEST ALTITUDE 
DAMPER OFF 

CONTROLS RELEASED 

Determine the frequency of 
the oscillation.  Plot cycles 
versus time on a working plot. 

FIGURE 9.14 

f- 
ACYCLES 
ATIME 

SECONDS 

Determine the Dutch roll damp- 
ing ratio (c) and natural 
frequency (ojn) in the same 
manner as the phugoid mode. 
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Plot Dutch roll damping ratio 
and natural frequency versus 
Mach number for each configura- 
tion {damper on, damper off, 
rudder power off). 

FIGURE 9.15 

TEST ALTITUDE 

TDTCTr 

f 

FIGURE 9.16 

DAMPER ON 

DAMPER OFF 

RUDDER POWER OFF 

MACH 

ä    ! 
Compare the wn and c so ob- 
tained with figure 2 of MIL- 
F-8785 and determine compliance. 

The spiral mode is, in general, 
relatively unimportant as a flying 
quality.  However, a combination of 
spiral instability and lack of pre- 
cise lateral trimmability may be 
bothersome to the pilot.  This prob- 
lem will be evaluated as a whole 
due to the difficulty in separating 
the effects. 

The divergent motion is non- 
oscillatory, and is most noticeable 
in the bank and yaw responses.  If 
an airplane is spirally divergent, 
it will, when disturbed and not 
checked, go into a tightening 
spiral dive.  This divergence can 
be easily controlled by tue  pilot 
if the divergence is not too great. 

Military Specification Re- 
quirements: 

Spiral Stability is specified 
in MIL-F-8785 in table V.  This 
table established limiting terms 
to double amplitude when the air- 
craft is put into a 20-degree bank 
and the controls freed. 

Example Test Methods: 

Trii: the aircraft for hands- 
off flight, insuring that particular 
attention is given to lateral con- 
trol and the ball being centered. 
Roll into a 20-degree bank in one 
direction, release the controls and 
measure the time it takes to reach 
40 degrees of bank if the bank angle 
tends to diverge.  Repeat the maneu- 
ver in a bank to the opposite side. 

Data Required: 

Aircraft configuration, 
weight, eg position, altitude 
and airspeed should be recorded. 
The test variables are bank angle, 
sideslip angle, control position, 
and control surface position. 

Excitation of the spiral 
mode only is difficult because of 

9.14 
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ü its relatively large time constant. 
Any practical input using control 
surfaces would usually excite other 

modes as well.  If a deficiency in 
lateral trim control exists, it is 
often difficult to determine what 
portion of the resultant motion 
following a disturbance is caused 
by the spiral mode.  This flight test 
is used to determine if a combined 
problem of lateral trim and spiral 
stability exists.  If test results 
show a definite divergence in hands- 
off flight, the problem exists. 

FIGURE 9.17 

3.  Briefly discuss the spiral 
mode characteristics with 
respect to an intended mission. 

Spiral divergence, on its own, 
is of little importance as a flying 
quality, which is well within the 
control capability of the pilot. 
The ability to hold lateral trim 
in hands-off flight for 10 to 20 
seconds is important. 

Spir..l Mode; 

Stabilize the aircraft at 
test altitude and airspeed.  Select 
oscillograph speed 2 and start re- 
cording.  Establish a 20-degree bank 
and release controls.  Time the 
motion to a 40-degree bank angle or 
40 seconds elapse, whichever is 
shorter.  Stop recording.  Estab- 
lish an opposite 40-degree bank and 
repeat.  Repeat this procedure 
with the yaw damper off and then 
with the rudder power off. 

Data Reduction: 

Sketch a time histo\y of 
the bank angle. 

Average the time to double 
amplitude for right and left 
banks at each test condition, 
Compar - with table V of MIL- 
r-8785. 

• 9.7    DEMONSTRATION    MISSION 

The purpose of this mission 
is to demonstrate and practice the 
techniques used to investigate an 
aircraft's dynamic modes of motion. 
The aircraft used will be a B-57E. 

Procedures: 

Takeoff and climb to 20,000 
feet.  Practice rudder and 
stick inputs. 

Obtain a trim point at 300 
KIAS, 20,000 feet, in the 
CR configuration. 

The IP will demonstrate the 
control inputs used to excite 
the short period mode.  Vary 
frequency of input from struc- 
tural frequency to less than 
the natural frequency.  In- 
puts demonstrated will be 
singlets and doublets, stick- 
fixed and stick-free. 

Practice inputs and observe 
aircraft .notion.  (Maintain 
300 +10 knots and 20,000 
feet +2,000 feet.) 

The IP will demonstrate th? 
methods of exciting the Dutch 
roll mode. 

9.1S 
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Practice inputs and observe 
aircraft motion.  Estimate 
0/ß ratio, period of oscilla- 
tion and number of over- 
shoots. 

10.  Investigate the Dutch roll 
motion with dampers off and 
with the rudder power on and 
off.  Note 0/8 ratio, over- 
shoots, and period.  Use 
Caution - may be divergent. 

Investigate spiral mode from 
a 20-degree bank anqle.  Note 
the effect that the out of 
trim condition has on results, 

Obtain a trim point at 2 00 
KIAS, 35,000 feet, in the CR 
configuration. 

NOTE:  Maintain airspeed and 
altitude within +3 knots and 
+500 feet from trim points 
for remainder of mission. 

Excite and observe the short 
period mode. 

11. Obtain a trim point at 
M = 0.79 at 33,000 feet, in 
the CR configuration. 

12. Excite the phugcid mode with 
a 3- to 4-knot A airspeed. 
Note the period and damping 
present. 

13. Repeat No. 12 using a 10-«to 
12-knot ', airspeed.  Note the 
divergence due to Mu. 

14. Investigate the short period 
mode. 

15. Investigate the Dutch roll 
mode. 

16. Land on the spot. 

,*■>■■ 
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CHAPTER 

QUALITATIVE FLIGHT TESTING 
inaH^i 

• lO.I   PURPOSE • 10.2   PILOT   OPINION 

v J 

The purpose of the qualita- 
tive flight test is to determine 
the maximum amount of information 
in the minimum amount of flying 
time in order to evaluate an air- 
craft with respect to its entire 
mission or some specific area of 
interest. 

Qualitative flight testing 
has essentially the same purpose 
as quantitative flight testing, 
i.e., to determine how well the 
aircraft flies and how well it will 
perform its design mission.  To 
accurately evaluate an aircraft 
from quantitative data requires 
analysis of large amounts of pre- 
cisely measured data.  The best a 
pilot can hope to do on a quali- 
tative evaluation is to measure a 
limited amount of quantitative data. 
Thus, the test pilot's opinion on 
the acceptability of the aircraft 
is the important result and measured 
quantitative data when available is 
used primarily to support this 
opinion.  Quantitative values of 
stick forces measured with a hand 
gage, for example, should be in- 
cluded in the report to support the 
pilot's opinion of acceptability. 
Estimations of values of stick force 
can be made if no reliable measure- 
ments are available or, qualifying 
terms such as "heavy", "medium", 
or "light" can be used to describe 
the forces.  The point is that the 
diffeience in evaluating an air- 
craft qualitatively and quantita- 
tively is a matter of degree.  "Use 
what you've got."  Pilot opinion 
supported by measured data is pri- 
mary in qualitative testing while 
the reverse is true in quantitative 
testing.  The general rule is to 
first decide how well the aircraft 
does its job and then use the quan- 
titative data you can get to sup- 
port your opinion. 

Naturally, all pilots will 
not have exactly the same opinion 
regarding the acceptability or un- 
acceptability of a particular air- 
craft .characteristic. No two people 
think exactly alike.  However, the 
opinions of pilots with similar 
experience and background will 
usually not differ greatly, par- 
ticularly with respect to the capa- 
bility of an aircraft to perform a 
specific mission.  In other respects, 
such as cockpit arrangements, the 
opinions may vary more markedly. 
For this reason, it is important 
for the qualitative test pilot to 
be as objective as possible in his 
evaluation.  Guides which specify 
military requirements, such as MIL 
SPEC 203E and MIL-F-8785(ASG), 
should be used wherever possible to 
establish acceptability.  However, 
it should be kept in mind that mere 
compliance with a set of require- 
ments does not necessarily yield a 
satisfactory aircraft.  The primary 
question is "will it do the job?", 
not "does it meet the specifica- 
tions. " 

• 10.3    MISSION    PREPARATION 

A very limited amount of 
flight time is normally available 
for a qualitative evaluation.  To 
acquire the information ntcessary 
to write an accurate and compre- 
hensive report on an aircraft in 
this limited time requires a great 
deal of pre-flight study and planning. 

The pre-flight preparation 
for a qualitative test is extremely 
important.  It is almost impossible 
to put in too much time in planning 
for the flights.  The amount of in- 
formation acquired in the air will 
be directly proportional to the 
amount of preparation put in on the 
ground.  A pilot who doesn't know 
what he is looking for is not likely 
to find it, and to know exactly what 
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to look for in the evaluation 
requires considerable knowledge 
of the aircraft and its mission, 

The precise mission of the 
aircraft is important in deter- 
mining what specific investigations 
should be made in the evaluation. 
All fighters, for instance, do not 
have the same mission, and the 
characteristics of particular im- 
portance may not be the same.  The 
roll characteristics of an air 
superiority fighter would be more 
important than for a long range 
strategic fighter, and the specific 
test plan should take this fact 
into account.  Expected outstanding 
characteristics or weaknesses should 
also receive particular emphasis. 
Of course, the evaluation must be 
conducted within the cleared flight 
envelope of the aircraft, and the 
amount of flight time available may 
limit the number of altitudes, air- 
speeds and tests that can be inves- 
tigated.  However, concentration on 
the extremes of altitudes, air- 
speeds, etc., and the areas dictated 
by the primary mission will provide 
the best approach to the test 
planning. 

An outline of the test to be 
conducted and the various altitudes, 
airspeed? . and configurations to be 
used will aid in organizing the 
flights and planning the flight 
data cards.  The points included 
in the outline should be compatible 
with the time available for the eval- 
uation but it is always wise to 
overplan th<= rlight and include more 
than seems possible to accomplish 
in the allotted time.  Leave your- 
self the option of skipping the 
less important parts of your plan 
if time or fuel run short.  The 
sequence of tests should be such 
that as little time as possible is 
wasted.  With proper planning a 
continuous flow from one investiga- 
tion to the next is possible. 

* 10.4   FLIGHT   DATA    CARDS 

Before planning the flight 
data cards, as much as possible 
should be learned about the air- 
craft.  Study the pilot's handbook 
if one is available, discuss the 
aircraft with the engineers, or 
with other pilots who have flown 
it, and get adequate cockpit time. 
The more the pilot knows about the 
aircraft and the more comfortable 
he is in it, the more thorough will 
be the evaluation.  A pilot who 
doesn't know the aircraft procedures, 
both normal and emergency or who has 
to spend most of his time in the air 
looking for controls or switches 
will not be able to do much eval- 
uating. 

The flight data cards should 
be self explanatory and should in- 
clude all the points it is desirable 
to investigate during the flight. 
They should be designed so that a 
minimum of writing is required in 
the air because time will not be 
available to write down more than 
a word or two about each point. 
Remember, however, to provide 
places in the flight plan to write 
down these necessary comments. 
Numerous forms for the data cards 
are possible but completeness and 
legibility are essential. 

The following are some possi- 
ble formats for planning check 
lists and flight data cards: 

11.2 
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I 

Location 
Date 
Aircraft 
Runway Length 
Weather 

AIRCRAFT QUALITATIVE EVALUATION CHECK LIST 

Test Crew:   Pilot  
Co-PUot_ 

Flight Mechanic  
Observers 

Runway Temperature 
Press.  Altitude ~ 
Surface Winds 

10M~ 
15M~ 
20 M~" 
25M~ 

Climb Wind_ 
Freezing LeveT" 

Weight and Balance:   Operating Weight  
Fuel Weight  

MAC 'I. Gross Weight  
T.O.  Gross Weight_ 
Est. Fuel Used  

MAC X Est.  Landing Weight" 

 EM~ 
T4M~ 

"2"ZM~ 
30M 

Performance 

T.O. Distance       
Minimum Control Speed 
Climb Schedule:      4M 

12M 
20M  
2BM 
Cruise (Max Range;   HI 

Operating Limitations 

Gear Down Flaps:    10 % 
Landing Light  
Dive Speeds:  "3TCT 

10M' 
Load factor 

Engine:   Sync RPM 
TIT:   T.O. 
Airstart VI' 
Remarks 

Refusal Speed 
Abort Landing Distance 

8M 

T.O.  Speed 

T6M~ 
24M~ 

rorr 
18M 
26M 

50 7. 100 '/„ 
TalrT-Teil 

70"M" 

Systems Operation: 

DC Generators Eng. 
Booster Hyd Eng. 
Other: " 

Auxiliary Equipment Operation: 

Auto-pilot  
Other: 

AC Generators 
Utility Hyd 

_Eng. 
Eng. 

j      i 
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II.    PRE-OPERATION EVALUATION 

A.    Support Equipment 
1. Power Unit 

Type 
Capacity 

2. Other 

B. Cargo Compartment 
1. Entrance 
2. Egress 
3. Systems Accessibility 
4. Other 

C. Flight Deck 
1. Crew Stations 

a.    Pilot 
Seat Adjustment 
Clearance 
Vision 
Rudder 
Pedal Adjustment 
Restrictions 
Other 

b. Copilot 

c. Flight Mechanic 

d. Navigator 

2. Instrument Panel 
a. Flight Instruments 

Grouping 
Readability 
Adequacy 

b. Engine Instruments 
Grouping 
Readability 
adequacy 

c. Warning Lights 
Placards 
Switches 
Controls 

3. Pedestal 
a. Engine Controls 

System Controls 
Switches 
Guards 
Placards 
Lights 
Feel Identification 
Accessibility 
Confusion Factor 
Arrangement 

b. Remarks 

Overhead Panel 
a.    Engine Controls 

System Controls 
Switches 
Guards 
Lights 
Placards 
Accessibility 
Feel Identification 
Confusion Factor 
Arrangement 

b.    Remarks 

5. Side Panels 
a. Switches 

CSs 
Lights 

b. Remarks 

6. Flight Controls 
a. Rudder 

Break-out Force 
Travel 
Adjustment 
Clearance 
Slop 
Friction 

b. Elevator 
Break-out Force 
Travel 
Slop 
Friction 
Clearance 

c. Control Wheel 
Aileron Break-out Force 
Travel 
Slop 
Friction 
Clearance 
Grip 
Switches 

7. General Comments 

10.4 
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5. 

6. 
7. 

Vibration 
a. Noise 
b. Air vent deflectors 
c. Ventüation/heating 
Control Required To Maintain Proper Taxi Speed 
Remarks 

D.   Pre-Take-Off (line up at even 1, 000 feet and check W/V) 
1. Flight Control Check With Boost Operating 

a. b/o force 
b. rate 
c. deflection 
d. si.op 
e. friction 

2. Flaps Set Trim Set  
3. Engine Power Check 

b. 

Acceleration 
Idle to 
Asymmetric  
Overshoot  
Stabilized conditions: 

(MRP) Sec. 

"ÖÄT- 

Eng 
1 

7.RPM      Torque TIT Throttle Pos 

i      I 

i      I 

4. 
5. 

E. T 
1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 

Brakes Hold At MIL PWR 
Fuel reading lbs.    W/V kts. 

10. 
11. 
12. 
13. 

"kts. 
_kts. 
ft.    Lift-Off Speed 

ake-Off.    (Use flight data on knee board) 
Start Time Form BRAKE RELEASE TO START CLIMB 
Brake Release Action 
Directional Control.    Rudder Effective kts. 
Elevator Effective (nose wheel off) 
Aileron Control  
T.O. Distance  
Time sec.      

Control Force   Pitch Trim 
Trim-Out - Raise Gear 
Time sec. 
Yaw  
Trim  ' 
T rim-Out - Raise F laps 
Time sec. 
Trim  
Acceleration to MINIMUM CONTROL SPEED 

, Acceleration to Climb Speed (1,000 ft) 
Visibility and Pitch Angle  
Remarks: 

kts. 

11.1 
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1. 

2. 

Visibility 
Pitch Angle 
Record:   FUEL at STAKT CLIMB 

TIME     Hi Vi        R/'C        Ti           7«KPM        TORQUE      TPT          Wt 

4M 

6M 

8M 

JOM 

12M 

14M 

IbM 

18M 

20 M 

22M 

24M 

2bM 

28M 

30M 

32M 

3. 

FUEL at LEVEL-OFF 

Check Cabin Pressurization: 
10M 
15M 
20M 
25M 
30M                                        Note any fluctuations or surges. 

Cabin Heat Adequacy 
a.    Nesi glass 
Remarks 

10.6 

Cruise 
1.    Vmax 

a.    Hi 
b. Vi 
c. OAT 
d. 
e. 

Fit.   Controls 
RPM 

f. Torque 
TIT 

h. Wf 
i. FUEL 

mi i^tfaMfeMBiafrjMilimMifrt&fay *'-■■■---■■■"- ^n 
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2.   Dynamic«   (HI                        VI 
a.   Phugold 

1.   Trim                   Vlln  

)   Note Control Position 

Vmax                      Vmin 

2.   Sec/cyc                • D amping 
b. Porpoise Mode. Input cycls ampl. 

c. Spiral stability 
1. RT 0 10* 
2. LFT"   " ' 
3. Remarks: 

°/ sec. 
sec. 

d. Dutch Roll 
1.    RT sideslip s/c Roll Yaw 

Damping (1) (2) (3) 

2.    LFT sideslip s/c Roll Yaw 

Damping (1) U) (3) 
3. (1)   Norm   (2)   Damper Off  (3)   Rudder Power Off. 

Short Period 
1. Fixed (l.Og) Damping 
2. Fixed (-l.Og)      "       2 
3. Free (l.Og) 
4. Free (-l.Og)       " 

Remarks: 

»    I 

Maximum Range Data 
a.   Hi Vi OAT 

b. RPM  

c. Remarks: 

Torque TPT 

_FUEL_ 

Wf 

4.   Systems Check:   Hi  
a.    Engine shut-down, No. 

1.   Time to feather 

VI 

Control force 

d. 
e. 
f. 

2.   Procedure, etc: 
Engine restart 
1. Time to Normal power  
2. Procedure,  etc: 
Anti-lcing/de-lcing system 
1. Full operation effect on engines 
2. Nesl glass 

Other 
3. Remarks: 
GTU/ATM operation      
Pressurization/heatfng  
Other: 

Vi 

Surge Trim 

Emergency Descent, Hi  
a. Time from cruise to start descent 
b. Procedure:   GandF Clean 

(Initial) 

Pressurizatlon 
Time 

d. Vislbility_ 
e. Remarks: 

from CR to Hi 
Pitch 

at Vi 
Control 

10.T 
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Static Longitudinal Stability and Performance Hi 
a.    Acceleration check Trim at Max Ran^e Vi     ~    ~~ 

1. Decel to Vi Control force *(Trirr setting) 
2. Speed/PwrTT^  "_RPm Tq     TIT_ 

R pm 
OAT 

Speed/Pwr Vi Rpm Tq TIT  
Acceleration, "TRTJET TRTM),  Time/10 kts (MRP) Initial Vi 
10  
20       ~~ 
30        _^   ~ 
40' _ 
50       ~ 
60  
70 
80 ~ 

V/S  ft/min-   Control forces/gradient 

Remarks: FUEL 

b. Tr 
1. 
2. 

Tvi 
FU 
I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
Spi 
1. 
2. 
Ph 
Sid 
1. 
2. 

3. 
4. 
5. 
6. 

alls, 
CR 
CR 
Re 

PA 
PA 

m Changes:   Hi                           Vi 
Control boost oTF               on 

R 

ruise. 

Hi 

Runaway Trim:    Elev                         Ail ad 

c. 
5 sec delay (build-up) 

rning Performance and Aileron Rolls,    C 
LL  DEFLECT 
60° 0,   Time 3bü°                 Vmax 

45» Lft - 45°Rt (FIXTTIme for"W~ 

(Build-up). 

45° Rt - 45°  Lft (FIX) Time for VI5" 
60° 0,   Time 360°                     Vi Hi 

Hi 
>r 955 

Pwi 

til: 
da 
da 

d. 

45° Lft - 45°Rt (FIX) Time for 90° 
45° i'.t - 45° Lft (FIX) Time for 90" 
60° 0,   Time 360°                     Vi 
45°  Lft - 45° Rt                        (FIX) Time fc 
45° Rt - 45° Lft (FIX) Time for 90° 
POWER APPROACH 
45° Lft - 45° Rt (FIX) Time for 90° 
45° Rt - 45°  Lft (FIX)   Time for 90° 
ral Stability PA Hi                         Vi 
Rt 0  10°                                 o/                            sec 
Lft 10°                                 o/                          sec. 

2). 
2). 

e. 
f. 

agoid (Hi CL) 
äslips,  TRIM (L) Hi                            Vi 
Rt                    °,   Fr             Fa          Fs          dr de 

Lft                  °,   Fr             Fa          Fs          dr 
TRIM (CR) Hi                                     Vi 
Rt                   ",Fr             Fa          Fs          dr 
Lft                  °, F r             F a          F a          dr 

de 

da de 

da de 
D.E.  with rudder (Pick up wing) 
Remarks- 

Gross Weight                                     Hi 'Trim 

FUEL 

St 
a. 1.0g TRIM Vi                      Vw                         Vs 

2.0g  TRIM Vi                      Vw                        Vs 
marks: 

1.0g TRIM Vi                     Vw                       Vs 
1.5g TRTM Vi                     Vw                      Vs 

Hl 
b. 
c. 

d. 
e. 

"Hi 

Hi 
Hi 

11.1 
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10. 

Asymmetric Power - Hi 
a. Climb configuration (MRP,  Climb VI,  Trimmed-out) 

NTC Feather     No. 1 Eng. Rudder Free,  2 sec. 
Decel to 1. 4 Val  "  lets.    0 and sidesl.p 
(Cond.  permitting check 2~out on one side) 

b. T.O.  Configuration at VmaxGear and T.O.  Flaps (168 kts.) 
Fail 1 and 2 and decelerate holding 0 = ZERO. 
Vimin .    Check 0 = 5' and SIDESLIP = ZERO. 

c. AT Mln control speed fail 3 and 4,  Fr Fa 
Fs                       TRIM OUT HANDS OFF AT 1.2 Vsi 
Remarks: 

9.    Boost OFF Operation Hi Vi 
Asymmetric Control 1 and 2 idle,   3 and 4 MRP 
Response Fr Fa Fs 
Remarks: ~~        ~™" 

Descent 
a.    CR Configuration   Vi 

1.    Visibility 
Z.     Engine operation at idle 
3. Pressurization,   systems,' etc 
4. Remarks: 

V/S_ 
Attitude 

b.     L Configuration   Vi 
1.    Visibility 

^ V/S_ 
Attitude 

2. Engine operation at idle 
3. Remarks: 

Trim Changes Trim at Placard Speed,  PLF 
a. Flaps to 50 % Vi Hi  
b. Gear DOWN     VI Tji 

Flaps to 100 7.V1 
Power to IDLE VT~ 
Idle to HRP Vi~ 
Gear UP V i 
Flaps UP Vi 

Hi 
"Hi" 

~V/S~ 
"\T/S" 

PLF/Trim 
_PLF/Trim 

PLF/Trim 
_Trim 

T r im 
_Trim 
Trim 

Asymmetric Power Go- 
a. Out,  Pa Vi __ 
b. Fr Fa 
c. Remarks 

 Pwr  
Response and Control 

13,    Get.eral Comments Prior to Completion of Flying. 

H.     Approach and Landing 
1.    Pre-landing check:    Operating Weight 

Alt Setting         Fuel Weight ' 
W/V 
Runway 

Landing GR~W*T 
Best Flare SpeecP 

(Pilot Pwr and Steer) Touchdown speed 
(Copilot Ailerons)    YSL 

T raffic pattern: 
a. Visibility Co.rtrol 
b. Power response 
c. Remarks: ~~ 

Landing: 
a. Flare     Response Control 
b. Float Characteristics In giound effect 
c. Touchdown Nose-wheel off 

"Brakes Reverse 
■J.    Directional control with ailerons 
e.    Stopping distance         

_     d fd~Te 
fleering 

4. Remarks: 

I.     Post-flight and Shut-down 

1. Normal procedures.     Ease and time to accomplish 
2. Coordination 
3. F ue 1 ~ 
4. Flight Time  " 
5. Squawks 

He-evaluate Cockpit and A/C in General 

10.9 
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Fighter type aircraft - Two hour flight - Plan more 

than can be accomplished. 

EXTERNAL. INSPECTION 

Remarks: 

TOD START_ 

TOD FINISH 

10.10 

COCKPIT EVALUATION 

1. Ease of Entry Ladder 

Steps 

2. Location of Instruments ?.nd Controls 

3. Adjustment of Seat and Controls 

4. Comfort 

5. Ease of Identification of: 

Switches 

Controls 

Emergency Devises 

Warning Lights 

6. Egress - ground and Airborne 

BEFORE STARTING CHECKS 

Remarks 

Complexity: 

TOD 



\J 

STARTING ENGINES 

Complexity: 

Ground Support: 

Equipment 

Fuel TOD 

Personnel 

BEFORE TAXI CHECKS 

Estimated Break-out Force 

Longitudinal + # - 

Lateral + M   - 

Directional    + M    - 

TOD 

Trim rate (Longitudinal)   Aft Sec 

Fore Sec 

Flap Extension sec Retraction  

TAXIING Fuel TOD 

Visibility 

Steering 

Visibility 

Power required 

Runway temp  

RPM req to move 

N.W.S. 

Brakes 

rpm, fuel/flow 

•F.    P.A. 

__ppn 

ft. 

11.11 
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TAKEOFF Fuel #    TOD 

Do brakes hold in MIL PWR Yes 

Symmetry of brake release 

Directional control 

Rudder effective speed knots 

Ease of rotoation 

Lift-off speed knots 

Estimated T/O distance feet 

Gear up time sec   Flaps up time 

No 

Trim changes        Landing gear + - 
Flaps +  -  

Are placards hard to exceed? Yes 

Visibility during T/O and Initial Climb 

Adequacy of T/O trim setting: 

Speed stability during acceleration: 

CLIMB Fuel #     TOD 

Control during climb 

Longitudinal 

Directional 

Lateral 

Climb Schedule 

No 

5000 ft .89IMN 550 
10000 ft .89IMN 510 
15000 ft .90IMN 470 
20000 ft . 905IMN 430 
25000 ft .910IMN 390 
30000 ft . 915IMN 360 
35000 ft . 92 IMN 320 
39000 ft .92 IMN 

■Ü -».^■■^^.^■^WL:« 
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LEVEL OFF FUEL #_TOD_ 

EASE 

Attitude Change o 

Linear 
Yes No 

Yes No 

**** *** ***** **** ************************* ************* *** 

CRUISE            90 "/. RPM               . 86IMN   (recommended cruise) 

Start Fuel ^ TOD_ 

Sideslip:        Clß    Hvy      Med     Lt 

Op    Hvy      Med     Lt 

Dutch Roll Period sec 

Damping       Hvy    Med    Lt 

Cycles to Damp  

CRUISE cont. 39,000 ft.       . 86IMN 

PIO Tendency Yes        No 

Short Period       Cycles to Damp  

Period s 

Do controls have dynamic tendency? 

Yes        No 

Aileron Rolls: too 
R      L Adv.  Yaw 

\Z deflection  sec sec 
Full deflect, ~~    sec sec 

wwwwwwwinnfWTrwwwTnrwwwTFitwDAMPERS OFFmro««4rOTW4MMMMMWMKMMr-- 
Linear ? 

Sideslip:   C/ß      Hvy        Med        Lt Yes        No 

Cnß     Hvy        Med        Lt Yes        No 

Dutch Roll: Period sec 

Damping Hvy        Med        Lt 

Cycles to damp  

PIO Tendency Yes No 

5>hon Period: Cycles to damp      

Period sec 

I0.ll 
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Finish:      Fuel 

Speed brake trim change 

Extend 

Retract 

MANEUVERING FLIGHT . 90 IMN 

Fuel r, 

Initial buffet g 

Heavy buffet g       max 

Stick force Hvy        Med        Lt 

Linear Yes No 

TOD  

Hvy        Mea      Lt 

Push Pull 

Push Pull 

39-35,000 ft. 

g 
Hvy 

Yes 
***** **.******* *:I***** ********** ************** ******************* 

ACCELERATION' TO 1. 20 IMN at 35,000 ft.    (trim. 90 IMN) 

Start: Fuel § TOD  

NB    Light   L        sec        R         sec 

NB   Trim Change #    Hish 

Stick force gradient 

Transonic trim change 

Finish fuel § 

Pull 

TOD 

***** :;!**** ****************** ****** ********** ******************* 

CRUISE 1, 15 TMN 

Start:        Fuel 

Sideslips:     CIA      Hvy 

C^>     Hvy 

Dutch Roll: 

PIO Tendency 

TOD 

vy        Med Lt Yes 

v y        M e d Lt Yes 

Period sec 

Damping Hvy MeH         L 

Cycles to D amp 

Yes                 i Vo 

35.000 ft. 

Linear ? 
No 

No 

10.14 



CRUISE   coat   1.15 IMN   35,000 ft. 

Short Period: Cycles to Damp 

Period sec 

VTtvBvvuifKMjfuvwvavrTtvKtivKVTnrK'DAMPE'RS OFFnn^vtmiiTifffsifivvg Lmeaf 
Sideslip    Ctß    Hvy       Med       Lt 

Cnft   Hvy       Med       Lt 

Yes 

Yes 

No 

No 

Dutch Roll: 

Period sec 

Damping       Hvy Med Lt 

Cycles to Damp 

PIO   Tendency Yes No 

Short Period: Cycles to Damp 

Period                                        sec 

nnnmwww«»smnnnisiriiDAMPERS ONnmuuuLisuat^iuuuuLiiiuuuciui 

Aileron Rolls t90                         Adverse Yaw 
R          L 

1/2 deflection sec sec 

Full deflect sec sec 

Finish Fuel TOD 

SPEED BRAKE TRIM CHANGE   1.15-1-1.10   IMN 

Hvy       Med        Lt 

Extend        Push        Pull 

Retract       Push      Pull 

MANEUVERING FLIGHT        1. 10 IMN        35-30, 000 ft. 

Fuel # 

Initial buffet g Heavy buffet g 

"max g 
Med        Lt Stick force Hvy 

Linear?        Yes        No 

10.15 

majmmtjmmm 
ttt>l..M-1«„..,^^:,.^.k -.. 



10.11 

DECELERATION TO 210 knots 30,000 ft.  (Long Stat) 

Stick Force gradient 

CRUISE 210 knots 30,000 ft. 

Start:        Fuel « TOD 

Sides Lips:        Cjf^ 

C nß 
Dutch Rolls 

PIO Tendency 

Short period: 

Linear? 
Hvy        Med Lt Yes No 

Hvy       Med Lt Yes No 

Period sec 

Damping        Hvy        Med        Lt 

Cycle.-; to Damp 

Yes N o 

Cycles to Damp 

Period sec 

VTtTiTniifBWBTnnmvmnnnmtnivuiivl)AMPERS OFF■a^-vsvavmfavmi-u-svvB-awBW 
Line a r ? 

Sideslips:     Cjp Hvy        Med        Lt Yes 

Crl^ Hvy        Med        Lt Yes 

No 

CRUISE 210 knots at 30,000 ft. 

Dutch Roll: Period sec 

Damping        Hvy        Med        Lt 

Cycles to Damp 

Yes No 

Cycles t<   Damp 

Period 

PIO Tendency 

Short Peiiods: 

Finish:    fuel TOD 

MUMM! Milt liri HI i    ii   i 
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«■it************************DAMPERS ON************************ 

AILERON ROLLS tcjo Adverse Yaw 

V'2 Deflection   R sec L    sec  

Full deflect R sec L 
*************************************************************** 

MANEUVERING FLIGHT at 210 knots 

Fuel # 

 g   Heavy Buffet  

 g 

Initial Buffet_ 

"max" 
g 

Stick force gradient:   Hvy      Med      Lt 
*********a*********************************************#****** 

STALLS     Cruise Configuration 25,000 ft. 

Fuel § 

Cr Vw     knots 

knots GLIDE 

Vs_ 

Vs 

knots 

knots 

Remarks 

POWER APPROACH CONFIGURATION 

Gear extension sec 

Flap extension sec 

Asymmetric power at 155 knots 

2viiL   RWR   Rudder Force        Hvy 

MAXTWR   Rudder Force        Hvy 

Trimability   MIL  

STALLS: 

Vw 

Fuel 

knots V, 

Med     Lt 

Med    Lt 

MAX 

knots 

Remarks: 

10.17 
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Linear ? 

Yes No 

Yes No 

Trim at 160 knots 

Sideslip:      cfp       Hvy       Med       Lt 

Qfß       Hvy       Med       Lt 

Dutch Roll        Period sec 

Damping        Hvy        Med        Lt 

Cycles to Damp  

PIO Tendency                  Yes                No 

Short Period   Cycles to Damp    

Period    sec 

mnnnririnnrw»winnnnnnnnjinnnnrDAMPERS OFF********««*«*«**«*««««* 

Dutch Roll        Period  sec 

Damping        Damping       Hvy       Med        Lt 

Cycles to Damp  

Yes PIO Tendency? 

Short Period:  Cycles to Damp 

Period 

No 

■»»W»«W'»«*««»W«tr»W*WWirWwDAMPERS'  ONlFIKHMHWHHHHHKMHFIPfflHMOTIHMflW 

AILERON ROLLS t90 Adverse Yaw 

1/2 Deflection   R sec L sec  

Full Deflect     R sec L sec 

ACROBATICS 

Loop 

Immelman 

Barrel Roll 

10.18 
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INSTRUMENTS 

Holding at 20, 000 Ft. 

Penetration       S/B 

Initial Clean 

250 knots 

270 knots 

220 knots 

90-92'/. 

90 '/. 

94 7. 

Low Cone       gear,    86 %, flaps,   155 knots 

LANDING 

Normal traffic pattern 60 7„ flaps 

Single engine go-around closed pattern 

Full stop Full flaps 

Touchdown speed knots' marker  
*************************************************************** 

TAXIING Fuel TOD 

Engine acceleration Idle to mil 

Turning radius feet 

Re-evaluate cockpits 

ENGINE SHUTDOWN 

Check servicing for turn-around 

Time  

Oil qts 

qts Hydraulic fluid 

LOX liters 
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This data card is also for a fighter type aircraft - a one 

hour mission to evaluate the aircraft for a pilot training 

mission. 

TOD beside A/C 

START 

F Flow 

Procedure 

RPM F Flow 

Before Taxi Check 

TOD 

TAXI 

Power to roll Brakes NS 

Nosewheel steering Turn Rad. 

NWS Off Brake turn  

Canopy Operation 

Visibility 

TOD  

LINE UP 

RPM 

Brakes Mil Pwr 

Pump one brake 

Engine Ace Time 

EGT FF 

Throttle friction 

FUEL L  

TOD 

NS 

MmMMHHÜi -— - ■-■  man  



TAKEOFF 

Brake release 

A/B light 

NWS rel at Rudder Eff 

CONTROL FORCES 

NW LIFT OFF  

T.O. ROLL  

GEAR UP 

A/S_ 

L M lbs 

ft      A/S 

sec. FLAPS UP sec 

Trim Changes  

Noises 

Press.   Sys 

Accelereleratlon 

CLIMB 

Schedule 

Control 

Trim 

Visibility 

Dampers 

35M Time 

Rotation 

.9 to 35M 

Fuel   L 

Throttle Mil Level Off 

TOD 

10.21 
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SUPERSONIC 

A/B Light time 

TRIM CHANGES 

STABILITY 

DAMPERS PULSE 

ON Elev 

Rud 

OFF Elev 

Rud 

CYCLE       TIME 

45' Roll 

ONE ENGINE IDLE 

Wind Up Turn to g Max. 

A/S 

Stick force gradient 

Buffet 

FUEL L  

TOD 
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TURNING PERFORMANCE 

Zoom to Slow A/C 

PWR STALL WARN_ 

230 Kts.  Flight Roll 

STABILITY 

DAMPERS 

ON 

OFF 

300 Kts 

Sideslip 

PULSE 

Elev 

Rud 

Elev 

Rud 

61 Apx. 

STALL 

CYCLE TIME 

u 
CUT ONE ENGINE 

EMERGENCY GEAR EXTENSION_ 

AIRSTART 

170 knots Flaps Down 

Aileron Power 

Cycle gear Flaps up 

FUEL L R 

TOD 

sec 

TRIM 
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DIVE 450 Kts 12M 

CLOVERLEAF 

BARREL ROLL 

IMMELMAN 

Level at 20 M inbound   to VOR 

200 Kts F FLOW  

250 Kts F FLOW  

300 Kts F FLOW 

HIGH CONE 

240 Kts. 

1 g stall 

200 Kts. 

Gear Flaps Dive Brakes 

STABILITY Check 

STALL RIGHT TURN        190 Kts 

Clean up A/C 275 Kts. turn to 1LS 

350 Kts. Speed Brakes 

ISL Gear,  Flaps,  D/C 170 Kts 

Decelerate 

11.24 
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SINGLE ENGINE GO-AROUND 

SINGLE ENGINE TOUCH AND GO 

RE-ENTER 

PITCH OUT NO FLAP LANDING 

TRIM CHANGES 

T.-'.XI 

AFTER LANDING CHECK 

SHUTDOWN 
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•10.S    OKNBKAL   TICHNIQUIS 

The cockpit evaluation can 
normally be made while getting 
cockpit time prior to the first 
flight.  MIL SPEC 203E specifies 
the standard cockpit arrangement 
for the various types of aircraft 
in considerable detail and should 
be used as a guide in making the 
cockpit evaluation. However, a sum- 
mary of some of the points to note 
may prove helpful. These include: 
ease of entry, comfort, adjustment 
of seat and controls, location of 
basic flight instruments, size and 
legibility of instruments, accessi- 
bility of switches and controls, 
ease of identification of switches 
and controls, location and identifi- 
cation of emergency switches and 
controls, methods of escape (both 
on the ground and airborne), and 
general impression of cockpit layout. 

Several points should be 
observed and recorded during the 
start and while preparing the air- 
craft for flight.  These should 
be weighed against the aircraft's 
mission requirements. An all- 
weather interceptor, for example, 
should be capable of fast, uncom- 
plicated starts to meet its alert 
and scramble requirements.  Starts 
for other types may not be so 
critical; however, no starting 
procedure should be unnecessarily 
complex or confusing.  Evaluation 
of the start should include:  com- 
plexity of start, time to prepare 
for start, time to start, external 
power and ground support equipment 
required, ground personnel required, 
and time from start to taxi.  The 
system checks and normal procedure 
requirements from start to taxi 
should also be evaluated. 

An evaluation of the ground 
handling characteristics can be 
made while taxiing.  How much power 
is required to start moving and to 
taxi at the desired speed?  Is 
braking action required to prevent 

taxiing too fast? Is the visibility 
adequate? Is the directional con- 
trol satisfactory? Is the braking 
action satisfactory? What is the 
turning radius of the aircraft? 
Dues the aircraft require any auxil- 
iary equipment such as removable 
wheels, escape ladders, etc?  Is 
there any problem with clearing 
obstacles with any part of the air- 
craft? 

The takeoff distance may be 
difficult to determine without 
assistance from outside personnel, 
but an estimate should be made 
using whatever aid is available such 
as runway distance markers. Use 
the recommended takeoff procedure, 
don't try to make a maximum perfor- 
mance takeoff.  The normal ground 
roll will be of more interest than 
the minimum possible.  Some of the 
other points to note in the takeoff 
include:  ability of brakes to 
hold in military powe , directional 
control during ground roll, rudder 
effective speed, rose lift-off ?oeed, 
visibility after nose up and during 
initial acceleration and climb, 
force required to raise nose, any 
over-controlling tendencies, air- 
borne speed, adequacy of recom- 
mended takeoff trim settings,  Ime 
to retract gear and flaps, trim 
changes with retraction of gear 
and flaps, any tendency to exceed 
gear or flap speed limitations, 
effectiveness of trimming action 
during acceleration, and any dis- 
tracting noises or vibrations. 

The in-flight techniques 
differ very little from the tech- 
niques used in flying quantitative 
tests.  However, it generally is 
not necessary to be as precise in 
holding airspeeds and altitudes. 
To do so would only waste time be- 
cause differences caused by varia- 
tions of a few hundred feet in 
altitude or a few knots in airspeed 
will not be qualitatively discernible 
so far as qualitative information 
is concerned.  This is not an in- 
dorsement for being lax in flying 
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the aircraft.  Just don't waste 
time with preciseness that will 
not contribute to the evaluation 
of the aircraft.  If speeds art; 
critical, such as in the climb or 
in the pattern, then hold them as 
closely as possible.  Otherwise, 
use good judgment in determining 
how close to an aim condition it 
is necessary to be and fly according- 
ly. 

If the climb rate of the air- 
craft is relatively slow, it may 
be possible to get some stability 
information in the climb, i.e., 
stick pulses, sideslips, etc.  Most 
present day fighter aircraft climb 
so rapidly that this may net be 
practical.  If so, just recox-d 
climb performance information (time, 
fuel, and indicated speed) at in- 
tervals of approximately 5,000 feet. 
Start the time at brake release. 
Intercept the climb schedule at a 
comfortable altitude and attempt 
to fly the recommended schedule 
precisely.  Continue the climb only 
as far as is compatible with the 
objective of the flight.  Unless 
climb performance is of primary 
importance, this will probably be 
to the altitude selected for the 
first series of investigations. 
General aircraft characteristics 
should be observed during the 
climb.  How difficult is it to main- 
tain the recommended climb schedule? 
Are the control responses smooth?; 
too fast?; too slow?; compatible? 
Is visibility adequate?  Is there 
any buffet?; vibration or excessive 
noise?  Are the ventilation and 
pressurization systems satisfactory? 
Are the normal procedures required 
complicated or excessively dis- 
tracting?  If dampers or other 
artificial stability devices are 
provided, check the applicable 
characteristics with them "ON" and 
"OFF". 

The altitude selected for 
the first series of stability in- 
vestigations may be at the tropo- 
pause since this is where the 
aircraft will probably have its 

best performance.  However, if the 
designed operating altitude is 
considerably above this level it 
may be advisable to select an alti- 
tude at or near the aircraft's 
operating altitude.  The stability 
maneuvers performed will be essen- 
tially the same at all the altitudes 
and airspeeds selected.  These 
should be sufficiently spaced to 
assure descernible qualitative 
differences in the aircraft's 
characteristics. 

The stability characteristics 
investigated should include:  lon- 
gitudinal and directional static 
stability, longitudinal and direc- 
tional dynamic stability, aileron 
rolls, and maneuvering flight at 
several different airspeeds and 
altitudes.  An investigation of 
the transonic trim changes also 
should be made.  All the dynamic 
characteristics should be checked 
with the stability augmentation 
devices, if any, both "ON" and 
"OFF".  With proper planning these 
investigations can be made in a 
minimum amount of time.  The longi- 
tudinal static stability can be 
checked while accelerating to Vmax, 
for instance.  Once at Vmax, the 
aircraft can be trimmed for approxi- 
mately hands-off flight and the 
static directional stability checked 
by entering a steady sideslip out 
to maximum rudder deflection (if 
the aircraft is cleared to that 
limit).  The periods of the dynamic 
modes can be timed using a stop 
watch or counting the seconds. 
Estimate the cycles to damp com- 
pletely or to one-half amplitude 
as the case may be for all the 
modes. 

Approach the aileron rolls 
cautiously.  Make several partial 
deflection toils before making any 
full deflection rolls.  The time 
to reach 90 degrees of roll and the 
time to roll 360 degrees can be esti- 
mated using a stopwatch or again by 
counting the seconds.  It is advis- 
able to make rapid reversals of 
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ailerons and other rolling maneu- 
vers if these can be expected in 
operational use of the aircraft. 
The rolling characteristics should 
also be checked in accelerated 
flight as well as 1 g flight. 

After completion of investi- 
gations at Vmaxf a wirrlun turn to 
limit load factor can be made to 
check the maneuvering stability of 
the aircraft.  Then zoom back to 
the original altitude and repeat 
these investigations at the second 
airspeed.  The other altitudes and 
airspeeds can be checked in the same 
manner.  Any differences resulting 
from the altitude or speed changes 
should be noted. 

Stalls should be approached 
with caution if the aircraft is 
cleared for such a maneuver, and 
investigated in all configurations 
and types of entry.  Determine the 
approximate stall warning margin, 
what defines the warning and the 
stall, and the aircraft character- 
istics in the stall and the re- 
covery.  If possible, determine the 
best method of breaking the stall 
and altitude loss in recovery from 
several points in the stall. 

If possible, check the tactical 
mission capability of the aircraft. 
Simulated dive boir.oing runs or labs 
maneuvers could be made for a stra- 
tegic fighter; foi example.  All the 
information obtainable will be help- 
ful in writing an accurate and 
comprehensive report. 

Fly the traffic pattern as 
recommended and, if fuel permits, 
make a go-around on the first pass. 
Note the power response, power 
required in the p^.lt^rn, airspeed 
control and sink rate, trim changes 
with gear and flap extension, 
trimming action, buffet with gear 
extension, and general aircraft 
feel in the pattern.  On the go- 
around, recheck the trim changes 
with gear and flap retraction and 
with drag device reaction.  Don't 
forget to IOOK at engine out char- 

acteristics if time and fuel permit. 
On the first landing in the air- 
craft it is probably not advisable 
to attempt to get the minimum land- 
ing roll.  Make a normal touchdown 
and use normal braking action (use 
the drag chute if provided).  Note 
the touchdown speed, the effects of 
any crosswind, directional control, 
nose lowering speed, etc.  As with 
the takeoff, the normal landing 
roll is of more importance than the 
minimum possible. 

While taxiing back to the 
parking area, review the flight, 
re-evaluate the cockpit, and attempt 
to determine whether the aircraft 
will perform its design mission and 
is safe and comfortable to fly. 
The opinion with everything fresh 
in mind is probably the most accu- 
rate possible.  Continue this re- 
view of the flight immediately 
after leaving the aircraft.  Put 
everything remembered about the 
flight and the impressions of the 
aircraft down on paper.  Do this 
immediately and before talking to 
anyone about the airplane or the 
flight.  Waiting or discussing 
points with other people may alter 
first hand impressions or cause 
important aspects of the flight to 
be forgotten. 

10.6 DATA REDUCTION 

10.6 The data reduction will con- 
sist of writing a comprehensive 
report on everything learned about 
the aircraft.  A narrative form is 
normally used for qualitative re- 
ports.  Comparisons with other 
aircraft can be used to assist in 
describing the aircraft.  Care 
should be taken however, to insure 
that only aircraft familiar to most 
readers are used for comparison. 
Otherwise the comparison will mean 
nothing to them. 
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Keep in mind the purpose of 

the qualitative evaluation while 
writing the report. Mere figures 
are normally not enough to describe 
the stability of the aircraft, par- 
ticularly on a qualitative evaluation 
since the data obtained are very 
limited. Analyze the aircraft char- 
acteristics in light of its ability 
to perform its design mission, give 
opinions of the aircraft's ability 
to do the job and support these 
opinions with the facts ootained on 
the evaluation flights.  Comment on 

anything personnally disliked but 
be objective in condemning any short- 
comings .  Recommendations for spe- 
cific changes in the aircraft are 
to be included in the report.  The 
exact manner in which the aircraft 
should be fixed should not be 
specified or recommended.  The test 
pilot's job is to evaluate the 
existing hardware and state what 
should be changed.  It is then the 
manufacturer's responsibility to 
determine how to make the necessary 
changes. 
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